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FOREWORD

The Conceptual Design Option Study-Controlled Ecological Life Support System
(CELSS) Program Planning Support (contract NAS2- 11806) was modified by change order
2 dated April 30, 1985, to include a survey of six physiochemical waste management
systems with potential CELSS applications. The contracting officer's representative is
Dr. R. L. MacElroy. The study manager is Dr. Catherine Johnson.

This study was conducted by the Boeing Aerospace Company, Seattle, Washington.

viii
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ABSTRACT

This report compares parametric data for the following six waste management
subsystems, as considered for use on the Space Station: (1) dry incineration, (2) wet
oxidation, (3) supercritical water oxidation, (4) vapor compression distillation,
(5) thermoelectric integrated membrane evaporation system, and (6) vapor phase
catalytic ammonia removal. The parameters selected for comparison are on-orbit
weight and volume, resupply and return to Earth logistics, power consumption, and heat
rejection.

Trades studies are performed on subsystem parameters derived from the most
recent literature. The Boeing Engineering Trade Study, (BETS), an environmental control
and life support system (ECLSS) trade study computer program developed by Boeing
Aerospace Company, is used to properly size the subsystems under study. The six waste
treatment subsystems modeled in this program are sized to process the wastes for a
90-day Space Station mission with a crew of eight persons and an emergency supply
period of 28 days. The resulting subsystem parameters are compared not only on an
individual subsystem level but also as part of an integrated ECLSS.

Two factors affect the results of this trade study. One is the level of subsystem
development. The four basic parameters studied in this report tend to be optimized
during the later stages of equipment development. Therefore, subsystems in their later
stages of development tend to exhibit lower parametric values than their earlier models.
The other factor is the functional design of the subsystem. Systems designed to process
a wider variety of wastes and to convert these wastes to more usable byproduets in
general have higher process rates and therefore tend to be larger, weigh more, consume
more power and reject more heat than waste treatment systems with lower process
rates. These parametric liabilities are only offset when the parameters are weighed
against the process rates and the overall ECLSS mass balance.

ix
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1.0 INTRODUCTION

1.1 OVERVIEW
Waste management subsystems are a key element in Controlled Ecological Life

Support Systems (CELSS) operations. These subsystems recover the minerals needed for
plant growth from waste products. These waste products are normally highly complex
organics that are not directly assimilable by plants as nutrients. Converting these
organics may be accomplished through biological or physiochemical processes. This
study deals only with the physiochemical subsystems currently under consideration for
space station waste management system. These subsystems are:

a. Incineration (INCIN).

b. Wet oxidation (WETOX).

c. Supercritical water oxidation (SCWO).

d. Vapor compression distillation (VCD).

e. Thermoelectric integrated membrane evaporation system (TIMES).

f. Vapor-phase catalytic ammonia removal (VPCAR).

Subsystems are sized, for comparison purposes, to support an eight-person crew
waste load. These subsystems are to operate in a Space Station microgravity environ-
ment. They are configured to optimize weight, volume, and power demands. The designs
are processed through the Boeing Engineering Trade Study (BETS) computer program to
develop parametric data used in comparison analyses.

While this study deals solely with a parametric comparison of these subsystems,
there are two important factors, not directly considered here, that should be kept in
mind. One is the differences in the development stages among the six subsystems. As
the development of a subsystem progresses past the demonstration of the design conecept,
design attention becomes more focused on optimizing power consumption, heat rejection,
and weight and volume. Accordingly, it may be misleading to compare the parameters of
subsystems in their early stages of design and testing, such as INCIN, WETOX, SCWO and
VPCAR, with parameters of more developed subsystems, such as VCD and TIMES. The
other factor is the functional design of the subsystem. INCIN, WETOX, and SCWO are
designed to reduce both solid and liquid wastes while recovering reusable water and
gases. VCD and TIMES are designed to process waste liquids only while recovering useful
water. VPCAR is being developed to clean up the the water from the VCD unit but it

could be used to process waste liquids and vapors as well.



1.2 BACKGROUND

Waste management was identified as enabling technology early in the course of the
CELSS program planning study. NASA evaluation resulted in amendment of the contract
(NAS2-11806) to examine physiochemical waste management subsystems.

1.3 STUDY OBJECTIVES
This study has four objectives:

a. Identify physiochemical waste water management subsystem designs suitable for use
on Space Station-based CELSS.

b. Develop equipment listings and flow diagrams.

ec. Develop mass flows using computerized modeling techniques.

d. Compare subsystems using trade-off analysis.

1.4 STUDY APPROACH

Seven sequential steps are used to meet the study objectives: (1) An extensive
literature search for current waste water management subsystems was conducted
(pertinent literature is listed in section 4.0). (2) Waste water subsystem schematics were
extracted from the literature. These subsystem schematics were then modified as
required for space flight. (3) An equipment listing was developed for each schematic.
(4) A mass balance was calculated to ensure equipment and system flows were
compatible with waste water load. (5) BETS parametric modeling algorithms were
derived for each subsystem. Each subsystem was then processed through the BETS
modeling program to generate parametric values for an eight-person crew. (6) The
subsystems were compared based on their parametric values. (7) Overall ECLSS
parametric comparisons were conducted. This process is presented in this attachment
to the CELSS final report.

1.5 GUIDELINES AND ASSUMPTIONS

The same assumptions used in the Conceptual Design Option Study-Controlled
Ecological Life Support Systems (CELSS) Program Planning Study are applicable to this
attachment. These assumptions and guidelines are in section 1.5 of the final report.
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1.6 INTRODUCTORY SUMMARY AND CONCLUSIONS

Six waste management systems with potential CELSS application are surveyed: (1)
dry incineration (INCIN), (2) wet oxidation (WETOX), (3) supercritical water oxidation
(SCWO), (4) vapor compression distillation (VCD), (5) thermoelectric integrated mem-
brane evaporation system (TIMES), and 6) vapor phase catalytic ammonia removal
(VPCAR).

Waste management systems are key elements in CELSS. They must recover and
recycle inorganic nutrients and minerals from waste products to sustain plant growth,
Waste management is also a key element for Space Station without the plant growth
option. Solid and liquid wastes normally generated by the metabolic and hygienic
activities of the Space Station crew must be processed, reduced, and stored for return to
Earth. Without processing and reducing these wastes, the logistics requirements for the
projected 90-day resupply of potable and hygiene water would total 57% of the Shuttle
payload capacity. Wash and waste waters being returned to Earth would exceed the
Shuttle landing payload capacity by 6197 1b.

All of the subsystems discussed in this report serve to close the (ECLSS) loop in
differing degrees. INCIN, WETOX, and SCWO are designed to process solid and liquid
wastes and thus reusable water, solid residues, and gases. VCD, TIMES, and VPCAR are
designed to process liquid wastes only, producing reusable water. VPCAR may be able to
process some dissolved solids while recovering additional water and gases.

INCIN was developed in 1972 by General American Research Division (GARD, Inec.)
to incinerate human feces, urine, and nonhuman wastes. A four-man system for
spacecraft use was built and tested by GARD, Inc.. The advantage of this subsystem is
its production of sterile products. The disadvantages are its very dirty effluent requiring
post treatment by catalytic oxidation, the requirement to preconcentrate the waste
water, and the requirement to manually load the incinerator. The original schematic is
modified in this report (fig. 2.2.1.1-1) to include a concentrator. For this study, auxiliary
VPCAR parametric penalties are added to the process.

WETOX was developed in 1972 by the Lockheed Missiles and Space Co. (LMSC) to
process human feces, urine, and miscellaneous spacecraft wastes at elevated tempera-
ture and pressure, recovering useful gases and water for recycling. A four-man
prototype was designed and tested in the laboratory by LSMC. The advantages of this
system include the ability to handle solid wastes as well as nondistilled liquid wastes,
automatic operation, and its production of a sterile effluent. Disadvantages include
high-temperature (550 deg F) and high-pressure (2200 psia) operation and the production
of a very dirty effluent requiring post-treatment by catalytic oxidation. The original



schematice (fig. 2.2.2.1-1) is not modified, but the addition of an auxiliary VPCAR is
considered to be a requirement in this report.

SCWO is currently under development by Modar, Inc. This process involves the rapid
oxidation of aqueous wastes containing (by weight) up to 30% solids above the critical
temperature (705 deg F) and pressure (3208 psia) of water. There is good reason to
believe that this process will be able to handle the 1% to 6% by weight of solids that are
expected to be encountered in the Space Station waste water. High power and heat
rejection rates are expected to be a concern with this system. A laboratory experiment
has been set up and tested by Modar, Inc. to prove the basic concept. Data from this
experiment are used in this report to derive component parameters for an eight-person
Space Station subsystem. The advantages of this include ability to process solids, high
oxidation efficiency resulting in relatively clean effluent, and a very short reaction time
of 1 minute or less. Disadvantages include a very high operating temperature (1240 deg
F) and pressure (3674 psia) resulting in designs with relatively high weight, volume,
power and heat rejection penalties. A conceptual schematic (fig. 2.2.3.1-1) of a Space
Station system was derived from data provided by Model, Inc..

VCD is being developed by Life Systems, Inc., is a phase-change process designed to
recover potable water from urine and wash water by boiling off water at subatmospheric
pressure in a compressor/evaporator/condenser. A second-generation, three-man system
specifically designed for spacecraft use, was built and tested by Life Systems, Inc.
Advantages of this process include low power consumption, high heat recovery, and high
water recovery rate. Disadvantages include the inability to process solids and failure of
the recovered water to meet NASA potable-water standards. No changes to the Life
Systems, Inc. system schematic (fig. 2.2.4.1-1) are made in this report.

TIMES is being developed by Hamilton Standard. This also is a phase change process
using a polysulfone hollow fiber membrane to evaporate water at subatmospheric
pressure. A three-person prototype, specifically designed for spacecraft use, was built
and tested by Hamilton Standard using urine concentrations of up to 12% (by weight).
Advantages of this system include low level of complexity, low power consumption, high
heat recovery, and high water recovery rate. Disadvantages include inability to process
solids and low water quality. No changes to the Hamilton Standard system schematic
(fig. 2.2.5.1-1) are made in this report.

Vapor phase catalytic ammonia removal is under development by GARD, Inc.. It isa
hybrid process using a hollow fiber membrane to recover water as well as catalytic
oxidizer reactors for reducing volatiles to useful water vapor and gases. This process
was proven on a laboratory bench model by GARD, Inec. using untreated urine vapor as
input. Advantages include ability to break down water vapor volatiles into reusable



water and gases, high heat recovery, and the quality of recovered water. Disadvantages
include inability to process suspended solids and high reactor temperatures (250 deg C
and 450 deg C) resulting in volume, power, and heat rejection penalties. No changes in
the proposed system schematic (fig. 2.2.6.1-1) are made in this report. However, this
schematic is used to derive a schematic (fig. 2.2.6.1-2) and equipment parameters for an
auxiliary VPCAR unit for addition to the INCIN and WETOX subsystems clean up their
effluents.

The validity of subsystem trade analysis largely depends on the level of subsystem
technology development. The more mature systems are optimized for power, weight,
volume, and heat rejection. They therefore tend to come out better in parametric trade
analyses when compared with less mature systems. Thus the parametric performance of
the six subsystems would tend to reflect the maturity of development as listed below
from most to least mature:

1. VCD.

2. TIMES.
3. INCIN.
4. WETOX.
5. VPCAR.
6. SCWO.

Considering these systems as independent entities that have no influence on the
other ECLSS subsystems, they are ranked by the parameters evaluated in this report

from best to least as shown in table 1.6-2 below.

TABLE 1.6-1
WASTE MANAGEMENT SYSTEM RANKING SUMMARY

Hesat Launch
Ranking Weight Volume Logistics Power Rejection Costs

1 TIMES TIMES VPCAR vCD VCD VPCAR
2 VCD VCD SCwo VPCAR VPCAR SCwO

3 SCwo SCwo INCIN TIMES TIMES INCIN
4 VPCAR VPCAR WETOX SCwoO INCIN WETOX
5 INCIN WETOX VvCD INCIN SCWO VCD

6 WETOX INCIN TIMES WETOX WETOX TIMES



It is apparent that the phase-change processes (VCD and TIMES) have the best
weight, volume, power, and heat rejection characteristics but have the worst logistics
requirements. The better characteristics are partially a result of the mature level of
subsystem development. The fact that these processes were designed to recover water
from only liquid wastes also contributes to the lower weight, volume, power, and heat
rejection but results in higher logistics requirements.

The combustion processes (INCIN, WETOX, and SCWO) have the opposite
characteristics. They exhibit relatively high weight, volume, power, and heat rejection
but lower logistics requirements. The higher weight, volume, power and heat rejection
rates are partially due to the lower maturity level of these subsystems and are also due
to the increased mass processing rate, higher recovery rate and the nature of the
processes that use high temperatures and pressures for combustion. The more favorable
logistics requirements are due to the higher recovery rates of usable materials, requiring
less resupply and return to Earth,

The VPCAR system is a hybrid using both phase-change and oxidation processes. Its
parametric performance is therefore more mixed than for the other systems in this
study. VPCAR displays the best logistics, good power consumption and heat rejection,
but only fair weight and volume characteristics. Overall its performance is very good
considering its relatively low technology level (figure 2.3-1).

It is difficult to determine a "best" subsystem from the above comparisons.
Selecting a best subsystem depends on which parameters are considered to be the most
important. The relative importance of the parameters depends on the mission
requirements. For example, a short-mission space capsule may place maximum emphasis
on weight, volume, power, and heat rejection. A long-mission lunar-base or Mars
expedition may place maximum emphasis on reducing or eliminating logistics. The Space
Station may place equal emphasis on all of the parameters with upper limits set for each
one. Table 1.6-2 is a parametric evaluation of the subsystem where all parameters are

considered to be equally important.



TABLE 1.6-2
WASTE MANAGEMENT SYSTEM PARAMETRIC EVALUATION

Waste Management Subsystem

Parameter INCIN WETOX SCWO VCD TIMES VPCAR
Weight 5 6 3 2 1 4
Volume 6 5 3 2 1 4
Logistics 3 4 2 5 6 1
Power 5 6 4 1 3 2
Heat Rejection 4 6 5 1 3 2

Total 23 27 17 11 14 13

The subsystems are given nominal values based on their relative ranking in each
parametric category. Therefore, the TIMES subsystem weight parameter is given a value
of 1 because it exhibited the best weight characteristics (see. 2.3.1). The WETOX
subsystem power parameter, however, is given a value of 6 because it exhibited the
highest power consumption (sec. 2.3.3). Lower ranking values indicate lower parametric
penalties and therefore better relative parametric standing. When the parametric values
for each subsystem are summed, the following parametric ranking results:

1. VCD.

2. VPCAR.
3. TIMES.
4. SCWO.
5. INCIN.
6. WETOX.

When all parameters are considered equally, the phase-change processes come out
on top and VCD is the best of these. Subsystem maturity and functional design have a
lot to do with this resuit.

The NASA Space Station program places primary emphasis on costs. At this time
there is not enough information on all of the subsystems to determine and compare them
for life cycle costs. But, as demonstrated (table 2.3.5-1), there is enough parametric
information derived from this report to determine and compare subsystem launch costs
over a projected subsystem equipment life of 10 years. The launch costs in the table
have subsystem power and heat rejection support required from the Space Station



factored into them. The results reveal that if launch costs were the single most
important selection criteria, then the subsystems would have to be ranked from most to

least desirable as follows:

1. VPCAR.
2. SCwoO.
3. INCIN.
4. WETOX.
5. VCD.

6. TIMES.

This is the same relative ranking as for the logistics comparison in section 2.3.2.
This indicates that, when launch costs are considered over the life of the equipment,
logistics becomes the single most important parameter overriding weight, volume,
power, and heat rejection combined. The combustion-based subsystems have the best
logistics characteristics, and, of these VPCAR and SCWO appear to be the best
performers.

However, these waste treatment subsystems do not function independently. They
are dependent up other ECLSS devices for waste and processing inputs as well as for
additional processing of effluents. This affects the balance of materials required and
produced by these subsystems and the balance of materials processed and stored by the
rest of the ECLSS. Table 1.6-3 is a summary of the ECLSS daily materials balance for

an eight-person Space Station mission for each of the six waste processes under study.



TABLE 1.6-3
ECLSS DAILY MATERIALS BALANCE (LB/DAY) (1)

Inputs Effluents
Subsystem Water Solids 09 Water Brine Ash C0o No S0+
INCIN 60.6 4.1 5.2 62.9 0 1.2 5.1 0.4 0.2
WETOX 60.6 4.1 5.2 62.9 0 1.2 5.1 0.4 0.2
sSCwo 60.6 4.1 5.2 62.9 0 1.2 5.1 0.4 0.2
VCD (2) 60.5 2.4 0 58.0 5.0 0 0 0 0
TIMES (3) 60.5 2.4 0 57.6 6.1 0 0 0 0
VPCAR 60.6 2.4 0 61.7 0 0.8 2.8 0.3 0.2

Notes:
{1) Balanced to within 0.1 1b.
(2) 0.4 1b water vapor vented.
(3) 2.3 Ib water vapor vented.

The above summary indicates that the combustion processes recover more water and
require less storage for waste byproducts than the phase-change processes. This is done
at the expense of requiring oxygen (Og) from the Space Station supply system and
requiring larger carbon dioxide (COg) collection and reduction by the combustion
processes could be used for plant growth, eliminating the need to increase the size of the
Space Station COg reduction subsystem.

The ECLSS material balance suggests that in order to evaluate and compare the
subsystems they should be considered as part of an integrated ECLSS. Using a common
ECLSS baseline configuration (table 2.5-1) for each of the six subsystems results in the
"ECLSS Configuration Ranking Summary" shown below for each of the four parameters.
A Shuttle commode and trash compactor are added to the phase-change configurations
(fig. 2.5-2) as penalties for storing solid wastes.

The parametric rankings obtained in section 2.5 for the six waste management
subsystem ECLSS configurations provide the basis for the conclusions in this report. This
is because the configuration rankings include consideration of individual subsystem
parameters along with overall ECLSS material balances and ECLSS subsystem inter-
dependence. Therefore, they provide a more complete picture of the end parametrie
affects of each of the six waste management subsystems. Table 1.6-4 below is a
summary of Section 2.5.



TABLE 1.6-4
ECLSS CONFIGURATION RANKING SUMMARY

Heat Launch

Ranking Weight Volume Logistics Power Rejection Costs

1 TIMES SCWO SCWO VCD VCD INCIN

2 VCD TIMES INCIN TIMES TIMES SCwWO

3 SCWO VCD WETOX VPCAR VPCAR WETOX
4 VPCAR WETOX VPCAR SCWO INCIN VPCAR
S INCIN VPCAR VCD INCIN SCwo VCD

6 WETOX INCIN TIMES WETOX WETOX TIMES

Several conclusions may be drawn from this summary. First, it highlights the
optimum ECLSS configuration for each parameter. If on-orbit weight is considered to be
the most important characteristic, then the TIMES configuration has the lowest weight.
If logistics weight is considered to be the most important factor, then the SCWO
configuration has the lowest logistics requirements.

Second, general trends related to process type appear. The summary reveals that
the phase-change processes (VCD and TIMES) exhibit the best weight, volume (with the
exception of SCWO), power, and heat rejection characteristics, but the worst logistics.
The combustion processes (INCIN, WETOX, and SCWO) exhibit very good logistics, but
the worst weight, volume, power, and heat rejection. The VPCAR results are more
mixed since this subsystem is part phase change, with hollow fiber membrane evaporator,
and part combustion (oxidation), with its NH3 and N9O catalytic oxidation reactors.
These trends are due in part to the function of the processes and in part to their level of
maturity. The phase-change processes handle only liquid wastes and can only recover
94% to 97% of the water in these wastes. Any solids in the wastes (and an equal amount
of water by weight) are rejected as brine and stored for return to Earth. This handling of
a limited amount of wastes keeps the on-orbit weight and volume, power consumption,
and heat rejection rates relatively low, but the brine storage requirements keeps the
logistics high. The combustion processes are designed to handle both solid and liquid
wastes. They not only recover 100% of the water in the waste but also produce
additional water in the oxidation reactions. The higher waste processing rate and the
required higher operating temperatures and pressures (except for INCIN) tend to increase
the subsystem weight, volume, power consumption, and heat rejection rates. Increased
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dependency on the other ECLSS subsystems for providing O9 and for processing N9, CO9
and SO9 tend to increase these same parameters for the supporting subsystems as well.
However, the higher processing and recovery rates also tend to significantly reduce the
ECLSS logistics requirements for water and No.

Third, relationships between the various parameters become visible. Power con-
sumption and heat rejection rate have identical configuration rankings. This is, because
all of the power that is required by a subsystem is assumed to be converted to heat. If a
fan motor draws 1 kw of electrical power, it is assumed that 1 kw of heat is passed to
the cabin atmosphere by the motor. The exception to this assumption is the combustion
processes. These generate additional heat, above their power consumption rate, in the
exothermic oxidation reactions (fig. 2.4.1-1). Another relationship exists between
configuration logistics and 10-year launch costs. When launch costs consider not only
getting the equipment into orbit but also resupplying it every 90 days for an anticipated
10-year life, then logistics becomes the single most important cost factor. One
relationship that is not evident in this summary but is evident in the consideration of
individual subsystems (sec. 2.3, fig. 2.3.1-1) is the direct relationship between on-orbit
weight and volume. This is not seen in the ECLSS configuration comparisons because the
weight and volume values are too close to each other. The values are so close (within 4%
to 9%) that they can be considered within the limits of estimating error and therefore
not significant.

It is not obvious from table 2.5.5-1 which waste management subsystem is the best
overall parametric performer. That judgment depends largely on which parameters are
considered to be the most important. The relative importance of each parameter must
be determined from the individual space-mission requirements. A short mission in a
space capsule may emphasize low weight, volume, power, and heat rejection. A lunar
base or Mars expedition may place higher priority on low logistics. A Space Station in
Earth orbit may place equal importance on all. If all parameters are considered equally
important, then the subsystems can be ranked as follows from best to least:

1. VCD.

2. TIMES.
3. SCwo.
4. VPCAR.
5. INCIN.

6. WETOX.

11



Because the phase-change processes rank highest in five out of the four separate
parameters they have the best overall performance. VCD ranks the highest of these. The
combustion processes rank the lowest, SCWO is the best of these.

However, NASA is placing primary importance on costs for the Space Station
program. Although insufficient data have been found for calculating complete subsystem
life cycle costs for this report, enough subsystem parametric data have been generated
by BETS to estimate subsystem launch costs over a projected 10-year equipment life.
When these costs, which are adjusted for the use of the IOC Space Station power and
thermal systems, are compared for each ECLSS configuration, the following subsystem

ranking from least to most expensive launch cost results:

1. INCIN.
2. SCwo.
3. WETOX.
4. VPCAR.
5. VCD.

6. TIMES.

This ranking is basically the same as for the logistics parameter, indicating that
when launch costs are evaluated over the life of the equipment, logistics becomes the
single most important factor. Logistics becomes so important that it overrides the
weigr’ volume, power consumption, and heat rejection parameters combined. The
combustion processes have the lowest logistics requirements. The cost figures are so
close among the three combustion processes (within 5%) that no clear best performer is

indicated.
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2.0 WASTE MANAGEMENT SUBSYSTEM COMPARISON

2.1 WASTE PROCESSING

Normal operation of the Space Station will result in the generation of numerous
contaminants and wastes. For the Station to continue operation and to provide a
habitable environment for the crew, all of the contaminants and wastes must be
collected and processed. Gaseous contaminants are expected to be generated primarily
by crew metabolism and by material outgassing. These gases will be processed primarily
by the Station CO9 removal and reduction subsystems and by the trace contaminant
removal subsystem. Liquid wastes are expected from crew metabolism and crew hygiene
activities. In an open-loop water system, these wastes would simply be collected and
stored for later return to Earth. In this case, storage requirements would be quite high.
Solid wastes occur in the form of fecal solids and trash solids. Like the liquid wastes, if
the solid wastes are not treated or reduced they must be collected and stored for return
to Earth. A listing of generally accepted crew metabolic and hygiene requirements and
outputs is given in table 2.1-1.

The purpose of a waste management subsystem is to process, reduce, and store
waste products while converting some of them to reusable form. Simple storage of
wastes is the most reliable technique but suffers the greatest logistics penalties in terms
of weight and volume. For example, if a 90-day Space Station resupply period is
assumed, using the crew loads listed in table 2.1-1 results in the Space Shuttle resupply

and return to Earth weights as given in table 2.1-2.

TABLE 2.1-2
PARTIAL LOGISTICS FOR OPEN-LOOP ECLSS
Eight-Person Crew and 90-Day Resupply Period

Gases (1b) Water (1b)

D) Co9 Potable  Hygiene Wash Waste Total
Resupply 1,333 o 4,867 30,672 o o 36,872
Return o 1,584 o o 30,007 6,606 38,197

Notes:
1. This table represents only a partial logistics picture. Actual Space Station
open-loop resupply and return logistics would balance each other.

2. Wash and waste water figures in this table contain solids.
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AVERAGE LOADS FOR ECLSS

TABLE 2.1-1

Parameter

Metabolic oxygen
Metabolic carbon dioxide

Drinking water

Food preparation water
Hand wash water

Shower water

Clothes wash water
Dish wash water

Metabolic produced water
Perspiration/respiration H20
Fecal water

Urine (3.3) plus flush (1.1)

Food solids
Food water
Food preparation latent H20

Trash solids
Trash water

Urine solids
Fecal solids
Sweat solids

EVA drinking water
EVA waste water
EVA oxygen

EVA carbon dioxide

Sensible metabolic heat

Hygiene latent water
Laundry latent water
Hygiene water solids
Waste wash water solids

Airlock volume

Cabin air leakage
Commode ullage volume
Charcoal (odor control)
Clothing weight

* Short term, high work load

Units

1b/person-day
lb/person-day

1b/person-day
1b/person-day
1b/person-day
1b/person-day
lb/person-day
1b/(8) crew-day

1b/person-day
1lb/person-day
1b/person-day
1b/person-day

1b/person-day
1lb/person-day
1b/person-day

lb/person-day
1b/person-day

1b/person~day
1b/person-day
1b/person-day

1b/8-hr EVA
1b/8-hr EVA
1b/8-hr EVA
1b/8-hr EVA

btu/person-day

lb/person-day
1b/person-day
¢ of H20 usage
$ of H20 usage

ft3
1b/day-module
f£t3/dump
1lb/person-day
1b/person-day

capacity.

Average

1.84
2.20

2.86
3.90
7.00
5.00
27 .50
16.00

0.78
4.02
0.20
4.40

1.36
1.10
0.06

0.13
0.30

0.13
0.07
0.04

0.75
2.00
1.32
1.57

7010.00

0.94
0.13
0.13
0.44

150.00
0.50
0.00
0.13
2.50

Peak *
3.65
4.41

3.39
4.64

5.82

7900
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Since the existing Space Transportation System is rated for a landing (return to
Earth) payload of only 32,000 lb, table 2.1-2 shows that a completely open-loop
environmental control and life support system (ECLSS) for an eight-person erew is not
supportable at this time. A partial or a completely closed-loop system must therefore be
considered. Generally, the more closed an integrated Station ECLSS becomes, the more
reduced the logistics requirements become. The major drawback to the closed system is
that the subsystems are very interdependent resulting in a lower overall system
reliability than for an open-loop system. Subsystem and ECLSS reliabilities are not
addressed further in this report due to the lack of sufficient subsystem reliability data.

There are some subsystems whose function is to reduce the volume of the wastes
while not necessarily converting these wastes to useful byproducts. Such subsystems are,
for example, the present commode aboard the Space Shuttle and a proposed trash
compactor for the Space Station. Although these devices may serve necessary functions
aboard the Space Station, they remain open-loop devices.

The six waste management subsystems considered in this study all serve to close the
ECLSS loop. The Life Systems, Inc. vapor compression distillation (VCD) unit and the
Hamilton Standard Inc. TIMES thermoelectric integrated membrane evaporation system
(TIMES) unit are two of the most developed subsystems now under consideration by
NASA for use aboard spacecraft. Both of these units are designed to recover water from
waste and wash water sources through a phase change process. They both provide
distilled water by boiling off water vapor at subatmospheric pressures. The solids left
behind in these processes are concentrated into brines that then must be stored for later
return to Earth.

The four other subsystems in this study: dry incineration (INCIN), wet oxidation
(WETOX), supercritical water oxidation (SCWO), and vapor phase catalytic ammonia
removal (VPCAR) are much less developed than the VCD or TIMES units. INCIN and
WETOX units were last developed in the early 1970s, research continues to be done on
them. SCWO and VPCAR are the two most recently developed technologies that have
grown out of the earlier work on INCIN and WETOX. Both of these later subsystems are
still in the laboratory development stage. INCIN, WETOX, and SCWO are designed to
recover not only the water in the incoming waste and wash waters but also water formed
by the combustion of solids contained in these inputs. Unlike VCD and TIMES, these
subsystems can handle solid wastes in a liquid slurry with optimum solids concentrations
at 10% to 30% weight.

VPCAR is somewhat of a hybrid between the phase-change and the combustion
processes. It is designed to recover waste and wash water and any water formed from
the oxidation of volatiles, such as ammonia, carried over from an evaporation process.
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Suspended solids must be filtered out before entering this process but dissolved solids
may be carried over with the water vapor and oxidized. The unusable byproduects from
all of these combustion-oxidation processes are expected to be ash and some sulfur
dioxide (SOg) gas. These byproducts must be stored for later return to Earth.

A more detailed discussion on each of the above subsystems follows in section 2.2.

2.2 SUBSYSTEM DESCRIPTION

This section details each subsystem by functional description, schematic and
equipment and parameter list. This information was drawn from the most recent reports
and journal articles available. Revisions have been added for operating in a zero-G
environment (i.e., water/gas separation devices) and for additional equipment deemed
necessary for the subsystem to function as part of an integrated ECLSS (e.g., service

valves, control valves, accumulators, and heat exchangers).

2.2.1 Incineration
This subsystem is based upon ASME publication 72-ENAv-2 written by L. J. Labak,

G. A. Remus, and J. Shapira in 1972.

A system was developed to incinerate human feces, urine, distillate residue (50%
solids by weight) and nonhuman wastes at 600 deg C. It is judged for the purposes of this
report that this system reached a NASA technology level of 4 (table 2.3-1).

2.2.1.1 Subsystem Design

A four-man automatic incineration system for spacecraft use was built and tested.
This design (fig. 2.2.1.1-1) consisted of an incinerator designed to operate at 600 deg C, a
catalytic afterburner/oxidizer designed to operate at 300 deg C to 500 deg C. (not
shown for reasons explained below), and a control and display unit. Incineration was
improved by providing pure oxygen as opposed to air for combustion, adding an
afterburner and varying the oxygen feed rate to the afterburner. Dual condensers and a
gas collection device were shown on the report process diagram but were not included as
an integral part of the system prototype.

This system was designed to process 1230/day of water containing 475 of solids. 5.0
kwh of electrical energy, and 0.6g of oxygen per gram of waste solids were required.
The incineration process took 6.5 hr., 17.5 hr were required for cooldown resulting in a
total cycle time of 24 hr.

Advantages of the design included selfsterilization and sterile products. Disadvan-
tages of the design included incomplete combustion of wastes resulting in H9, CHy, CO
and NH3 gases in the effluent even with the use of a catalytic afterburner. The product
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water was yellow, had a pH of 9.5 and an electrical conductivity of 13 microohms. In
addition, there were quantities of NH4+, CL-, and SO4=, carbon, and solids in the produet
water. Further water processing would be required to be able to use the effluent water
and gases from this system. As configured, this system would require either a pre-
concentration process for wash water and urine, additional power for concentrating these
inputs, or heating the unconcentrated inputs to combustion temperatures.

An additional drawback to the as-designed configuration is the requirement to
manually load wastes into the incinerator for processing. NASA wishes manpower on
board the Space Station to be used primarily for customer support. Therefore, ECLSS
subsystems should work automatically to minimize the amount of erew time required to
support them. An additional benefit of making this process automatic would be the
elimination of the cooldown time required between manual loadings of the incinerator.

The following devices were added to the basic process flow diagram as given in the
ASME report:

a. Service and control valves for maintenance and automatic control.

b. Accumulators for system capacitance and ash storage.

e. A waste concentrator and a water/vapor separator as penalties for concentrating
urine/flush water and wash water to 50% solids weight.

d. A solids separator for automatically removing ash from the incinerator effluent
gases.

e. An auxiliary VPCAR (fig. 2.2.6-2) for posttreating and condensing the effluent (not

shown).

The following devices were deleted from the basic process flow diagram:

a. The catalytic oxidizer/afterburner was replaced by an auxiliary VPCAR for more
efficient and thorough oxidation of the effluent gases.

b. The condensers were replaced by the condenser on the auxiliary VPCAR post-
treatment process.

c. A gas storage accumulator was deleted and assumed to be part of the postprocessing

of these gases by other subsystems.

2.2.1.2 Parametric Description

Table 2.2.1.2-1 lists the dry incineration prototype equipment and parameters as
originally specified in the ASME report. Additional equipment as deemed necessary has
been added and a revised parameter total determined. This list, except for the heat
rejection rate, does not reflect the addition of an auxiliary VPCAR to this subsystem.
The parametric penalties for an auxiliary VPCAR are presented in table 2.2.6.2-2. When
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TABLE 202.1.2_1

DRY INCINERATION EQUIPMENT LIST
From ASME 72~ENAv-2, Labak, Remus, Shapira

2]

Power Heat
Component Volume Weight (w) rejection Notes
Incin- 2450 cc 2625 g 600x5.5 hr -
erator 149 in3 5.86 1b
Catalytic 500 cc 1200 g 600x1 hr - Substitute
aftrburner 31 in3 2.63 1b interm. aux VPCAR
Controls and - - 170x6.5 hr 157 btuh Air cooled
panel (24 hr avg)
Piping and - - - structure
Subtotal 10.4 ft3 90.5 1b - -
Feed 550 in3 8 1b - - Estimated
storage tank
Feed Con- 1200 in3 18 1b 4800x1 hr - Estimated
centrator interm.
(16 1b urine)
Fan sepa- 231 in3 5.6 1b 43x1 hr 12 btuh HSC
rators(2) each each each (24 hr avg) interm.
Ash storage 2065 in3 30 1b - - Estimated
Tank (90day)
Insulation 180 btuh Air cooled
Revised total 20 ft3 160 1b 388 350 btuh
(45%pkg) (12%pkg) (24 hr avg) (24 hr avg)
Consumes:
02 0.6 1b/day/1lb solids input
Returns:
Solids 0.11 1lb/day/1lb solids input
COMMENTS :
l. "-" denotes that no specific information was determined for this
point.
2. Subtotals represent parameters determined directly from the
literature.
3. Based on incineration of 1230 g/day (2.7 1lb/day) of wastes with

475 g solids. Represents wastes from a four-person crew (19.2

1b/day before concentration).
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the parameters for an auxiliary VPCAR are added to the parameters of the incineration
subsystem, the total heat rejected will be equivalent to the total power consumed. A
summary of these parameters adjusted for an eight-person crew and including an

auxiliary VPCAR is presented in section 2.3.

2,2.2 Wet Oxidation
This subsystem is based on ASME Publications 72-ENAv-3 written by R. B. Jagow

in 1972 and 70-Av/SpT-1 written by R. B. Jagow, R. J. Jaffe, and C. G. Saunders in
1970. A system was under development to process human feces, urine, and other
miscellaneous spacecraft wastes, recovering useful gases and water for recyeling. It is

judged for the purposes of this report that the development of this system reached a
NASA technology level of 4 (table 2.3-1).

2.2.2.1 Subsystem Design

An initial, prototype four-man wet oxidation system was designed and tested in the
laboratory. This design (figure 2.2.2.1~1) consisted of: dual slurry feed tanks, a slurry
feed control valve, slurry pumps, a reactor operating at 550 deg F and 2200 psig, oxygen
flow controls, a dry boiler, and controls and instrumentation.

This system was designed to process 330 cc/hr of a 10% feces/90% urine mixture by
weight (four-man load with a 25% design margin). 1.3 kw of electrical energy and
28.4/hr of oxygen were required. Optimum reaction time appeared to be 1-1/2 hr.
Improvements in the design included using oxygen rather than air for combustion, using a
base metal oxide catalyst to reduce temperatures and to promote complete oxidation,
and stirring the slurry.

Advantages of the wet oxidation system include the ability to handle solid waste and
nondistilled waste water. The solids produced were reduced to a sterile nondegradable
ash of very small volume.

Disadvantages included the high temperatures (550 deg F) and high pressures (2200
psig) required for the reaction. Incomplete combustion and reduction of wastes was a
problem with this process as well. Experimental results showed quantities of NH3, CO,
and CH4 in the effluent. The product water had a pH of 8.4 and very high conductivity
indicating a large quantity of dissolved salts. An auxiliary VPCAR (see Sec. 2.2.6 and
fig. 2.2.6.1-2) for post-treating and condensing the effluent water vapor and gases would
be required with this system.

There were no devices either added to or deleted from the subsystem schematic as

presented in the ASME papers. -
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2.2.2.2 Parametric Description
Table 2.2.2.2-1 lists the equipment and related parameters for a projected four-

person flight system as presented in ASME 70-Av/SpT-1. The only addition to this list is
a power penalty adjustment for compressing both the slurry and the oxygen to the
operating pressure of the reactor. This list, except for the heat rejection rate, does not
reflect the addition of an auxiliary VPCAR. The parameters for an auxiliary VPCAR are
listed in table 2.2.6.2-2. When the parameters for an auxiliary VPCAR are added to the
parameters for the wet oxidation subsystem, the total heat rejection rate will be
equivalent to the total power consumption. A summary of these parameters adjusted for
an eight person crew and ineluding an auxiliary VPCAR is presented in section 2.3.

2.2.3 Supercritical Water Oxidation

This concept is based upon SAE Paper 820872 written by Timberlake, Hong, Simson,
and Modell in 1982. The process involves oxidation of aqueous wastes above the critical
temperature (374 deg C) and the critical pressure (215 bar) of water. Organic oxidation
is initiated spontaneously when oxygen and water are brought together at 400 deg C and
250 bar. The heat of combustion causes a rise in temperature to above 600 deg C. This
process is said to oxidize organic materials at efficiencies greater than 99.99% with
reaction times of less than 1 min. without the use of catalysts. As a result, organics,
such as urea, are completely broken down to No and CO9 gases and water vapor. The
solubility of inorganic salts is very low under these conditions and precipitate out as
solids. For industrial processes treating aqueous wastes containing 1% to 20% organics
by weight, supercritical water oxidation is less costly than incineration and more
efficient than wet oxidation.

Although not specifically mentioned in the literature, there is good reason to believe
that this process can handle the 1% to 6% solids likely to be encountered on board
spacecraft, but not without a power penalty for generating enough heat to sustain the
reaction. It is judged, for the purposes of this report, that supercritical water oxidation,
as specifically developed for spacecraft use, has reached a NASA technology level of 3

(table 2.3-1).

2.2.3.1 Subsystem Design
A laboratory experiment was set up at Modar, Inc. to demonstrate the use of SCWO

for urea destruction. A schematic of this system and a schematic of the general SCWO
process were used to derive a probable SCWO spacecraft waste treatment subsystem
capable of operating in 0-G environment. Figure 2.2.3.1-1 shows this system. A feed
waste accumulator is used to provide system capacitance. A small piston slurry pump is
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TABLB 2.2.2.2_1

WET OXIDATION EQUIPMENT LIST

From ASME 70-Av/SpT-1 by Jagow, Jaffe, and Saunders

Volume
(in3)

Component
Slurry -
feed tanks

Slurry -
valves

Slurry -
pump

Reactor 1140
Oxygen -
tank

Oxygen -
controls

Dry boiler -
(ash sep)

Structure -
and plumbing

Controls -
and instr

11 £t3
(45%Pkqg)

Subtotal

02/slurry -
compression
penalty

Revised Total 11 £ft3

Consumes:

Weight
(1b)

70

30

198
(12%Pkqg)

198

Power
(w)

15

15

250x24 hr

13x24 hr

Heat
rejection

51 btuh

51 btuh

95 btuh

34 btuh

231 btuh

44 btuh

275 btuh

Air
cooled
Air
cooled

Not
required

Air
cooled

Air
cooled
Rough
estimate
Air
cooled

02 0.64 1lb/day

Returns
Solids 0.3 1b/day

COMMENTS:

l. "-" denotes that no specific information was determined for this
point.

2. Based upon 330 cc/hr feed rate (90% urine/10% feces) nominal
four-person system with 25% overdesign factor (17.5 1lb/day).

3. Subtotals represent parameters determined directly from the

literature.
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used to pressurize to slurry to 250 bar. Pure oxygen is provided for oxidation at slightly
above 250 bar from an existing spacecraft high pressure Og gas storage system (assumed
to be at, or above 4000 psia). Heat recovery exchangers are provided to preheat the
incoming slurry and O9 to 400 deg C, preventing charring of the solids in the reactor. On
initial start-up, when there is not yet any heat to recover, the slurry must be held and
preheated in the reactor before the Og is introduced to initiate the oxidation process.
Once the reaction is up to 670 deg C (full destruction of NoO), 250 bar and the reaction
time (< 1 min.) is satisfied, the reactor effluent is fed through the cyclone inorganic salt
separator. Effluent water vapor and gases are then passed through the two heat
recovery heat exchangers where the water vapor becomes partially condensed. A
cyclone water separator separates the condensed water from the gases and these two
streams are fed through two more heat exchangers to reduce their temperatures to 70
deg F. The water and gas streams are then reduced in pressure to within 1 bar of
atmosphere and the water stream is passed through one more cyclone water separator to
eliminate any remaining gases present. The effluent is reusable water with no further
treatment required and a mixture of N9, COg, and SO (from the soap in the wash water)
gases that must pass through several posttreatment processes to be reused and stored as
required.

This system was designed to process 65 1b. per day of wastes containing 3.9 1b. of
solids. The process would draw about 552 w of electrical power and require an estimated
1.26 1b of oxygen per pound of solids for stoichiometric oxidation. The process is
assumed to be continuous over 24 hr minimizing startup preheat penalties.

An advantage of this process is high oxidation efficiency resulting in the need for
very little post-processing of the water produced for reuse and no need for an auxiliary
catalytic oxidation process for the effluent water vapor and gases. The reaction time of
1 min. or less lends itself to continuous operation.

Disadvantages include the need for very high temperatures and pressures to achieve
the high oxidation efficiency. This results in weight penalties due to the increased
structural strength required of the components and in volume due to the insulation
required to keep surface temperatures down to 105 deg F as required by NASA Space
Station Reference Configuration (reference 30). The pressures involved may dictate that
this subsystem be located outside the pressured habitable volumes of the Space Station.
This would make servicing difficult and replacement would most likely be on a unit basis.

2.2.3.2 Parametric Description
Table 2.2.3.2-1 lists the SCWO equipment and parameters as designed for Space

Station use for this report. An O9 compression penalty has been added along with both a
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TABLE 2.2.3 .2-1
Derived from SAE Paper 820872, Timberlake, Hong, Simpson
& Modell, 1982

SUPERCRITICAL WATER OXIDATION EQUIPMENT LIST

Volume
Component (in3)
Slurry 720
pump
Reactor w/ 985
htr and insul
Passive 985
cyclone salt
separator
Passive 985
cyclone water
separators(2)
Flow control 220
valves (10) each
Waste 3450
storage
Heat exch 985
(4) each
02 comp -
penalty
Extra heat -
reqd to sus-
tain reaction
Total 12 ft3
(45%pkg)
Consumables

02 4.9 lb/day

Comments:

Weight Power
(1b) (w)
27 17
17 840x1 hr
interm
17 -
17 -

5 6
each each
110 -
25 -

each
- 55
- 420
398 552
(12%pkg)

Solids
S02
H20

1.2 1lb/day
0.3 1lb/day

63.3 1lb/day

Heat
rejection

58 btuh

205 btuh
total

542 btuh
total

188 btuh

542 btuh
2381 btuh

Air
cooled

Start-up
heater

Air
cooled

Liq cooled
w/reclaim

Air
cooled

1240 deg F

Liq cooled
Air cooled

To Mass Balance

N2 0.4 1lb/day

co2

4.9 1b/day

1. Based upon eight-person crew /(water), <solids>/ 24-hr operation:

Wash Brine

Urine (35.2) <1.04>

Feces (1.6) <0.56>

(21.9) <1.20>

Trash (2.4) <1.07>

Total (61.1) + <3.90>

= 65 lb/day
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92 mbtu required in reactor: 25 mbtu generated by reaction; 34
mbtu added by heater; 33 mbtu recovered by preheater exchangers;
46 mbtu lost from insulated surfaces; 13 mbtu recovered by liquid
cooling on a daily basis.
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power and heat rejection penalty for heating the excess water to supercritical condi-
tions. Heating the excess water is required due to the low percentage (<5%) of organics
in the slurry. If a pretreatment distillation process were used to produce a 10% to 30%
(by weight organic feed slurry to this process, the oxidation reaction would be self-
sustaining and self-heating to the required temperatures. This kind of penalty is the
same for any combustion/oxidation process, including dry incineration and wet oxidation.
The heat rejection rate listed in table 2.2.3.2-1 includes the heat generated by the

combustion of solids in the waste water.

2.2.4 Vapor Compression Distillation

The VCD subsystem as evaluated in this report is based on the Life Systems, Inc.
VCD2 unit reported in NASA Test Report JSC 17694, CSD-SS-054 written by R. P.
Reysa, C. D. Thompson, and A. T. Linton and dated September 30, 1983. VCD
distillation is a phase-change process. The subsystem was designed to recover potable
water from urine and wash water feed-stock. In this process, waste water is boiled off
at low pressure in a rotating evaporator and the resultant water vapor is centrifugally
separated from the liquid and pumped by a rotary lobe compressor to a condenser held at
a slightly higher temperature and pressure. Heat is reclaimed in the process due to the
common evaporator/condenser cylindrical wall. The condensed water is centrifugally
collected and pumped to a post-treatment canister. Solids are not treated but are
concentrated up to 50% by weight and stored in a recycle filter tank. It is judged, for
the purposes of this report, that the development of this subsystem has reached a NASA
technology level of 6 (table 2.3-1).

2.2.4.1 Subsystem Design

A three-person automatic VCD system specifically designed for spacecraft environ-
ment was built, tested, and revised for more efficient and reliable operation. Figure
2.2.4.1-1 is a schematic of this subsystem. This design consists of: a pressure-controlled
waste tank for system capacitance, a recycle filter tank for collecting solids, a
peristaltic pump assembly designed to handle all of the circulation requirements of the
subsystem, a motor-driven compressor/evaporator/condenser, and the necessary valves
and controllers to operate the unit automatically.

This system, as projected for a four-person flight unit per reference 15, is sized to
process 35.6 1b/day of liquid wastes containing up to 8% solids at a 90% duty cycle or an
equivalent of 1.65 Ib/hr (40 1b/day). The recycle filter tank is sized to collect 0.26 1b per
person day of solids. The unit would operate at 52 w and would reject 72 w of heat.
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Advantages of the system include lower power consumption and less heat rejection
than the oxidation process and much lower operating temperatures and pressures. The
water recovery rate is about 96% by weight of the water in the incoming waste.

Disadvantages include the inability to process solids fed into it. These solids must
be filtered out and disposed of with an equal weight of water. Accordingly, fecal solids
and trash solids could not be fed to this system.

Although designed to produce potable water, the actual test results of the VCD
effluent did not meet the NASA Potable Water Specification MSC-SPEC-SD-W-0020.
These specifications are very tight but at its present stage of development VCD would
require post-treatment for TOC, pH, conductivity, ammonia, trace metals, bacteria,
fungus, odor, and taste to meet them. Posttreatment would require microbial check
valves, charcoal, and deionizer beds, and UV/oxidation.

No changes in the Life System, Inec. VCD design were considered necessary for

evaluation in this report.

2.2.4.2 Parametric Design )
Table 2.2.4.2-1 lists the equipment and related parameters for a projected flight

VCD subsystem designed to process 35.6 lb/day of liquid waste. A summary of these
parameters adjusted for an eight-person crew is presented in section 2.3.

2.2.5 Thermoelectric Integrated Membrane Evaporation

The subsystem evaluated in this report is based on the Hamilton Standard Company
unit described in Hamilton Standard Company report HSPC84T03, section 2.0, assumed
to be written in 1984 and ASME Publication 80-ENAs-46 written by H. E. Winkler and G.
J. Roebelen, Jr. in 1980. TIMES was originally developed on 1977 to provide water
recovery with minimum complexity and positive liquid gas separation. The operation of
the subsystem is insensitive to gravity, combining a hollow fiber polysulfone membrane
evaporator that distills water under a partial vacuum with a thermoelectric heat pump
that recovers the latent heat used to boil off the water in the evaporator. The system is
proposed to handle wash water brine in addition to urine and flush water. For the
purposes of this report, it is judged that this system has reached a NASA technology
level of 5 (Table 2.3-1).

2.2.5.1 Subsystem Design
A three-person urine water recovery preprototype was designed and tested specifi-

cally for spacecraft use. This unit has been tested with pretreated urine at solids
concentrations up to 12% by weight. By 1984 a second revision, TIMES II, incorporating
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TABLE 2.2.4.2-1 VAPOR COMPRESSION DISTILLATION EQUIPMENT LIST
From Life Systems, Inc. Letter FHS-2-8, Feb. 14, 1983

Heat
Volume Weight Power Rejection

Component (in3) (1b) (w) (w) Notes
Still 2039 44 43 43
Recycle 2938 15 - -

tank
Fluids pump 173 14 20 20
Fluids 449 5 9 9
control
module
Pressure 173 2 - -
control
module
Bacteria/flow 17 1 - -
check valve

Total 4.9 ft3 91 72 72

Comments:

l. System as depicted 1is sized to process 35.6 1lb/day of 1liquid
waste at a 90% duty cycle, or an equivalent rate of 40 1lb/day.

2. "=-" denotes that no specific information was determined for this
point.
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many design improvements was proposed. Figure 2.2.5.1-1 is a schematie of the
proposed TIMES II waste-treatment subsystem. The design consists of: (1) a regenerative
heat exchanger to cool the effluent product water while preheating the incoming waste
water, (2) a filter assembly to trap solids, (3) a combination gas-liquid separator/recycle
pump used to separate product water from gas vapor going to vacuum and to pump the
waste water being processed around the recycle loop, (4) an integrated thermoelectric
regenerator/HFM evaporator used to evaporate the waste water under a vacuum, recover
the latent heat of evaporation and condense the recovered water vapor, (5) a forced
air/liquid heat exchanger used to further cool the product water stream, and (6) the
necessary control valves and controllers required for automatic operation.

The TIMES II system is proposed to recover 4.5 1b/hr of product water with a 95%
water recovery rate at solids concentration up to 3% by weight. This solids concentra-
tion is compatible with that expected from urine, flush water, and pretreated wash and
humidity condensate brines. This unit would operate at 249 w and reject about 852 btu
of heat.

Advantages of this system include a low level of complexity, recovery of the heat of
evaporation, continuous or batch operation, completely automatic operation and
operation at near atmospheric temperatures (140 deg F) and pressures (1 atmosphere
with occasional purges to vacuum to vent noncondensables).

Disadvantages of this design include the inability to process the solids fed into it.
These solids must be filtered out and disposed of in a 60/40 weight percentage of
water/solids. Therefore, fecal solids and trash solids could not be fed into this system.
Product water quality was a problem with the original TIMES unit. Although it met
generally accepted U.S. Health Department standards, it did not meet the NASA/JSC
standards (sec. 2.2.4.1). Water quality was to be improved with the TIMES II unit by
lowering the operating temperature, optimizing the operating cycle based on the solids,
concentration and changing the urine pretreatment chemicals. Even so, the process will
probably require postfiltration and bacteria traps. The Space Station requirement for
zero venting to space vacuum will most likely impose a vacuum pump and a noncondensi-
bles storage penalty upon the system as well.

No changes in the Hamilton Standard Company TIMES Il design were considered
necessary for evaluation in this report.

2.2.5.2 Parametric Design
Table 2.2.5.2-1 lists the equipment and related parameters for a projected TIMES II
waste-treatment process. A summary of these parameters adjusted for an eight-person

crew is presented in section 2.3.
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TABLE 2.2.502—1

TIMES II EQUIPMENT LIST
From Hamilton Standard Report HSPC84T03, 1984

Component (in3) (1b)
Check - 1.2
valves (2)

Relief valve - 0.6
3-way valves - 4.4

(2) (5% duty)
2-way valve - 3.0
(2) (5% duty)

Microbial - 0.5
filter

Recycle filter - 3.0
Pressure - 0.2
switch

Temperature - 0.4
sensor (4)

Pressure - 0.5

sensor (2)

Evaporator liq - 0.2
sensor (2)

Condensate - 0.5

conduct sensor

Pump/separator - 3.8

Regenerative - 3.0
heat exchanger

Condensate - 5.0
heat exchanger

Conden fan - 1.0
Thermoelect - 20.0
heat pump

Evaporator (2) - 46 .0
Condenser - 1.5
Total 16286 120.8

Volume Weight

Power
(w)

20.0

5.6
222.0

248
w/reclaim

3.07 btuh

3.07 btuh

68.3

19.1
758

Heat
rejection

btuh

btuh
btuh

5% Duty

5% Duty

Incl pkg

3




Comments:

l. Unit described is sized for 4.25 1lb/hr water production.
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2.2.6 Vapor Phase Catalytic Ammonia Removal

The VPCAR subsystem evaluated in this report is based on the GARD, Inec.
"Catalytic Distillation Water Recovery Subsystem" proposal B1-258 written by P.
Budininkas, submitted in May 1983 in response to NASA RFP2-31178. This process was
designed specifically to recover water from untreated urine vapor by catalytically
oxidizing the NH3 in the vapor to Nj, N9O, and water at 250 deg C and then
catalytically reducing the N9O to Ng and Og at 450 deg C. The catalyst used for the
oxidation of ammonia is platinum. The catalyst used for the reduction of nitrous oxide is
ruthenium. The proposed unit has been sized to handle urine, flush water, and reverse
osmosis brine. For the purposes of this report, it is judged that this system has reached a

NASA technology level of 3 (table 2.3-1).

2.2.6.1 Subsystem Design
The VPCAR process has been bench tested as a laboratory model using untreated

urine vapor. A three-person system has been proposed to NASA by GARD, Ine. which is
a refinement of the laboratory model. Figure 2.2.6.1-1 is a schematic of this system.
The design consists of: (1) a pressure-controlled, waste-water feed accumulator and
recovered-water accumulator for system capacitance; (2) a waste feed pump; (3) a heat
recovery exchanger used to preheat the incoming waste water while cooling the outgoing
product water; (4) a filter assembly for removing suspended solids from the recycled
waste stream; (5) a specially constructed concentric recuperative condenser that uses
the recycled waste stream to condense the product water vapor; (6) a duplex recycle
tank, a hollow fiber membrane evaporator used to produce waste-water vapor; (7) a
chamber for mixing the waste-water vapor with pure oxygen; (8) a compressor/blower to
force the oxygen/fuel mixture through the reactors; (9) an NH3 catalytic oxidation
reactor with a heater to ensure a 250 deg C reaction temperature; (10) an N9O catalytic
oxidation reactor with a heater to ensure a 450 deg C reaction temperature; (11) heat
recovery exchangers to use the N9O reactor effluent to preheat the incoming vapor and
the oxygen gas supply; and (12) the required isolation and control valves for automatic
operation.

The VPCAR system is proposed to recover 14 kg/day (1.3 Ib/hr) of waste water while
operating at 120 w and rejecting 109 w of heat.

Advantages of this process are the ability to break down ammonia and N9O into
useful constituents, the ability to process untreated urine, the incorporation of an HFM
evaporator that helps to purify as well as evaporate the effluent vapor, and the recovery
of the vaporization heat and heats of reaction. Water recovered from untreated urine by
the VPCAR preprototype meets U.S. drinking water standards with the exception of low
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pH. This system, as shown in figure 2.2.6.1-1, could be used effectively to postprocess
water from an R.O. unit, a VCD unit; or a TIMES II unit to help meet NASA/JSC water-
quality standards. This system, as amended in figure 2.2.6.1-2, could be used to
posttreat the water vapor from a dry incineration or wet oxidation waste-treatment
process. In the latter use, no feed pumps and no evaporators would be required since the
input to the system would already be in vapor form.

Disadvantages of the VPCAR system include the inability to process solid wastes.
Solids must be filtered out of the waste stream before entering the evaporator.
Therefore, no fecal solids or trash solids could be fed into this subsystem. The high
reaction temperatures, 250 deg C and 450 deg C, penalize the system in terms of extra
volume required for thermal insulation. Post-treatment of the recovered water would be
required to raise the pH.

No changes in the GARD, Inc. VPCAR design were considered to be necessary for
this report. However, an auxiliary VPCAR (fig. 2.2.6.1-2) was derived from the original
GARD, Inc. design to post-process the water vapor effluent from the dry incineration
and the wet oxidation processes. For the purposes of this report, auxiliary VPCAR's are
considered necessary for these waste treatment processes and are included in the BETS

parametric models of these subsystems.

2.2.6.2 Parametric Design

Tables 2.2.6.2-1 and 2.2.6.2-2 list the equipment and related parameters for
projected VPCAR and auxiliary VPCAR subsystems, respectively. The list for the
auxiliary VPCAR includes heat rejection rates that are dependent on the primary waste-
treatment process, incineration or wet oxidation. A summary of the parameters for the
base VPCAR subsystem sized for an eight-person Space Station crew is presented in

section 2.3.
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TABLE 2.2.6

- 2_1

VPCAR EQUIPMENT LIST

NASA RFP2-31178 (BGB)

Inc. Proposal Bl1-258 in Response to

Component

NH3 oxid
react + Cat

N20 oxid
react + cat

Evaporator
(HFM)

Condenser

Blower/
compressor

Heat
exchangers

Recycle
tank

Recycle
pump

Solids
filter

Feed control

Feed stor
tank

Instruments

Total

Consumables (per day)

02
Antifoam

From GARD,
Volume Weight
(in3) (1b)
33.5 5.5
293.6 2.2
w/insul
591.0 -
87.8 11.8
306.0 4.4
918.0 13.3
28.3 ft3 256
0.3100 1b
0.0022 1b
0.0022 1b

pH adjust

Comments:

Power
(w)

12.7

25.9

1.0

2.3

14.5

Expendables (per day)

Solids filter

Heat
rejection Notes
3.75 btuh
43.2 btuh
88.4 btuh
3.4 btuh Air
cooled
7.96 btuh
49.5 btuh Air
cooled
196 btuh With heat
recovery
0.0352 1b

1. Based upon 14 kg/day (1.3 1lb/hr) water recovered (three-persons)
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TABLE 2.2.6.2-2

NASA RFP2-31178 (BGB)

AUX. VPCAR EQUIPMENT LIST
Derived from GARD Proposal Bl-258 in Response to

Component

NH3 oxid
react + cat

N20 oxid
react + cat

Condenser/
cooler

Fan separator

Blower/
compressor

Pumps: vapor

recirc

Feed control

Feed storage
tank

Instruments

Thermal
insululation

Total
Consumables:
02
pPH adjust
Expendables:
Filter

Comments:

1. Factored from system designed to treat 14 kg/day (30.8 1lb/day) or
1.3 1b/hr.
2. "-" denotes that no specific information was determined for this

point.

Volume

293.6
w/insul

87.8

230.9

295
72

918

Power
Weight (w)

5.5 * 22x1 hr

2.2 * 20x1 hr

11.8 -
5.6 56

- 0.1
9.0 1.3
4.0 10.4
235 68

(Assummed included in upstream
0.0022 1b/day

0.0352 1lb/day

Heat
rejection

2300
1335

190
0.3

2530
1570

waste-treatment process)

btuh
btuh

btuh

btuh

btuh
btuh

btuh
btuh

WETOX

* If reqd
INCIN (Avg)
WETOX

HSC device

Air
cooled

Estimated
Estimated

INCIN (Avg)
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2.3 SUBSYSTEM PARAMETRIC COMPARISON
The validity of subsystem trade analyses largely depends on the level of subsystem
technology development. The level of technical development may be adequately defined

using the existing NASA, crew systems technology level scale (table 2.3-1).

TABLE 2.3-1
NASA-CREW SYSTEMS TECHNOLOGY LEVELS

Level Description

1 Basic principles observed and reported.

Conceptual design formulated.

Conceptual design tested analytically and experimentally.
Critieal function/characteristic demonstrated.
Component/breadboard tested in relevant environment.
Prototype/engineering model tested in relevant environment.

Engineering model tested in space.

0 =3 O N b L N

Operational.

This scale begins with a lowest rating (1) for basic principles observed and reported
and ends with a highest rating (8) for a space flight operational system. Subsystems in
the earliest stages of development tend to be laboratory test assemblies that have been
built primarily to prove or to optimize a process. Accordingly, they lack the service
valving, accumulators, 0-G specific hardware and microprocessor controls that would
normally be required on a flight unit. Weight, volume, power, heat rejection, and service
are not the most important design drivers at this early stage. Therefore, these
parameters tend to be greater for laboratory and preprototype hardware than for
prototype and flight-engineered units. In the later development stages, these parameters
do become primary design drivers. In this study, the combustion/oxidation processes
INCIN, WETOX, SCWO, and VPCAR are judged to be at the lower end of the technology
level scale. SCWO and VPCAR are lowest at level 3 conceptual design tested
analytically and experimentally. INCIN and WETOX are at the next highest level 4
critical function/characteristics demonstrated. Although none of the waste management
subsystems studied for this report has reached flight unit status, the phase-change
processes, TIMES II and VCD come the closest. The TIMES II unit has reached a level 5
component/breadboard tested in relevant environment. VCD has reached a level 6
prototype/engineering model tested in relevant environment. It would be expected from
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the above differences in subsystem technology development that a parametric ranking in

order of best to least might show the following:

1. VCD.

2. TIMESIL
3. INCIN.

4. WETOX.
5. VPCAR.
6. SCWO.

This relationship is illustrated in figure 2.3-1. The overall evaluation results arrived
at in section 2.6 do show VCD VCD and TIMES as the best parametric performers. This
is judged to be a direct result of the technology level of the two subsystems. However,
SCWO and VPCAR, although at lower stages in their development than INCIN or
WETOX, came out better in the parametric evaluation. This is judged to be a result of
the auxiliary VPCAR penalty levied against INCIN and WETOX.

Table 2.3-2 shows comparative data for the six waste water processing subsystems
under study. The table summarizes the BETS data contained in appendix section 5.2
program analysis. Included are values for weight (1-G equivalent) and volume for the
subsystems as installed on-orbit; weight (1-G equivalent) and volume of the resupply and
return to Earth materials required at each 90-day resupply; electric power (both
continuous and intermittent ac and de power); specific energy (wh/lb of processed
water); heat rejection (both air cooled as dissipated to the cabin atmosphere, and liquid
cooled as dissipated to the Space Station thermal bus or to a heat recovery loop); and

technology level as defined in table 2.3-1.
All six subsystems covered in this study are considered single unit sized to handle

the wastes from an eight-person Space Station crew.

2.3.1 Weight and Volume

The fixed on-orbit weights and volumes for the six waste-management subsystems
sized for an eight-person crew are listed as items A and B in table 2.3-2 and are
displayed in figure 2.3.1-1. The bar chart shows the following order of subsystems
according to optimum weight and volume characteristies from best to least:

WEIGHT VOLUME

1. TIMES. TIMES.
2. VCD. VCD.
3. SCwoO. SCwO.
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TABLE 2.3-2

WASTE MANAGEMENT SYSTEM PARAMETRIC SUMMARY
for an Eight-Person Crew

Waste Management Subsystem

Parameter INCIN WET OX SCWO VvCD TIMES VPCAR
A.Weight (1b) 1033 1226 396 111 92 524
B.Volume (ft3) 122 95 12 7 5 58
C.Resupply (90-day)

Weight (1b) 81l 87 62 23 33 66
Volume (£ft3) 4 3 0.6 2 2 2
D.Return to Earth
Weight (1b) 249 255 230 466 585 197
Volume 6 5 3 9 10 4
E.Power (w)
AC 760 1263 550 32 13 118
DC 0 0 0 82 144 0
Intermittent 16465 0 836 0 1 86
F.Spec energy (1) 485 416 231 43 58 27
(wh/1b)
G.Heat Rejection
Air cooled (btuh) 1623 1508 2370 387 534 402
Lig.cooled (btuh) 968 2805 540 0 0 0
H.Technology (1) 4 4 3 6 5 3
assessment
Notes

l. This parameter is based on the equipment lists in section 2.2 and
is independent of crew size.

2. INCIN and WETOX include an auxiliary VPCAR penalty as suggested
in the literature and as evaluated in this report.
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4. VPCAR. VPCAR.
5. INCIN. WETOX.
6. WETOX. INCIN.

Although weight might first appear to have minimal effect on objects in a
weightless environment, it does impact Space Shuttle payload weight for getting those
objects into orbit. The mass of an item also affects its inertia on orbit and hence the
ability to handle it either inside or outside of the Space Station. The NASA Space
Station Reference Configuration (reference 30) in table 4.4.6-3 lists a weight estimate
for the waste-management subsystem at 500 lbm. If this estimate were to become a
not-to-exceed requirement, the VPCAR subsystem would be considered marginal and
INCIN and WETOX would be completely eliminated as candidates. INCIN and WETOX
have the highest weights and volumes because they each include an auxiliary VPCAR as a
requirement for producing reusable water and gases.

Volume becomes important from the standpoint of limited available space both on
the Space Shuttle and especially within the Space Station. All of the systems, logistics,
and structures compete for space. Subsystems, therefore must be packaged in compact
serviceable units. The waste-management subsystem volume estimate listed in the
above NASA reference and table is 40 ft3. If this estimate were to become a not-to-
exceed requirement, the SCWO subsystem would be considered marginal and the VPCAR,
WETOX, and INCIN subsystems would be eliminated as candidates.

Using the previously mentioned NASA waste-management subsystem weight and
volume estimates as guidelines leaves the following subsystems (by order of preference):
1. TIMES.

2. VCD.
3. SCWwO.

It is believed that TIMES and VCD have the best showing primarily because of their
high technology level. Conversely, SCWO and VPCAR are lower in this ranking because
they share a much lower level of technology development. It is assumed that further
development of the latter two subsystems will yield lower on-orbit weight and volume

estimates.

2.3.2 Logistics

Logisties includes the resupply of subsystem replacement parts, expendables, such as
filter cartridges and treatment chemicals, and consumables, such as gases and water.

Logisties also includes return to Earth items, such as used spares and expendables,
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contaminant gases, waste water, trash, and excess fluids and gases that are not
permitted to be vented to space. The weights and volumes of these resupply and return
to Earth items are listed for each waste management subsystem as items C and D in
table 2.3-2. The return to Earth logisties figures in table 2.3-2 include resupply logistics.
It should be noted here that because no specific resupply data are available for SCWO,
INCIN, WETOX, and VPCAR, an estimating factor of 10% of the fixed on-orbit weight is
used for this study. Therefore, the resupply weight and volume figures for these
subsystems tends to parallel their fixed on-orbit weights and volumes. More specific
data exist for TIMES and VCD and is used in this report.

Return to Earth weights are compared in figure 2.3.2-1. Logisties volumes are so
small (3 to 10 ft3) in relationship to the Shuttle cargo bay capacity (10,600 £t3) that they
are not considered for comparison here. The subsystems are listed below in the order of
the most to least optimum logistics weights from table 2.3-2.

1. VPCAR.
2. SCwO.
3. INCIN.
4. WETOX.
5. VCD.

6. TIMES.

VCD and TIMES show the highest return to Earth weight because they lose 50% and
60% by weight respectively of water to solids as brines that must be stored and shipped
back to Earth. INCIN and WETOX have the next highest return to Earth weight due to
their auxiliary VPCAR penalty. Generally, however, the combustion-based processes
have the lowest return to Earth logistics because they process and recover more of the
wastes produced aboard the Space Station than the phase-change processes. The return
to Earth estimates for these subsystems include an estimated 10% factor of on-orbit
weight and volume plus weights and volumes of waste materials stored and returned to
Earth. The 10% factor is not used for VCD and TIMES. The VCD and TIMES units
produce waste brines. INCIN, WETOX, SCWO, and VPCAR produce ash and SO as
wastes. If calcium carbonate, CACOj3, is used to collect this SO9, then 50 1b of CACO3
is required every 90 days for these processes and 25 1b of unreacted CACOg3 plus 34 1b of
CASO4 must be returned to Earth. This analysis assumes CACOj3 SO9 absorbent. All
other products are considered to be recoverable and reusable.
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2.3.3 Power

The ac, de and intermittent subsystem power requirements are listed under item E
in table 2.3-2. The sum of the ac and de power requirements in total Watts and the
specific energy characteristics of the subsystems in Watt-hours per pound of recovered
water are compared in figure 2.3.3-1.

Subsystem power affects the size and weight of the Space Station power generating
solar arrays and the Station power distribution system. For subsystems that must
operate continuously during both the lightside and the darkside portions of the orbit,
subsystem power also affects the size and weight of the power storage facilities. Power
storage, although not considered directly by this report, would be required for INCIN and
WETOX due to their extended process times (24 hr and 1-1/2 hr respectively). VCD and
TIMES, although considered to be batch processes, would also require power storage
since stopping them has been shown to result in the carryover of contaminants into the
recovered water. Once started, they must run continuously until the batch has been
completed.

Ranked in order of optimum power requirements from best to least, the subsystems
would be listed as follows:

1. VCD.

2. VPCAR.
3. TIMES.
4. SCWO.
5. INCIN.
6. WETOX.

Specific energy is a measure of the process efficiency of a water recovery subsystem. It
is defined in terms of Watt-hours required to recover 1 lbm of reusable water. Therefore,
the most efficient water recovery subsystem is the one with the lowest specific energy.
The second set of bars in figure 2.3.3-1 shows a comparison of the specific energy for the
six waste-management processes. If ranked according to the most efficient, the
subsystems would be listed as follows:

1. VPCAR.
2. VCD.

3. TIMES.
4. SCWO.
5. WETOX.
6. INCIN.
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VPCAR, VCD, TIMES, and SCWO are the more efficient subsystems because they all
employ heat recovery to reduce their power requirements. SCWO is the highest power
consumer of these due to high operating temperature (1240 deg F) and pressure (3672
psia). INCIN and WETOX are the least efficient subsystems due mainly to their auxiliary
VPCAR penalty, they also operate at high temperatures. The three combustion
processes would show lower power consumption and better specific energy characteris-
ties if the solids concentration of their input waste waters were boosted to the 10% to
30% range. With more solids, these subsystems would generate more of their own heat

during combustion and would depend less on electrically generated heat.

2.3.4 Heat Rejection
Both air cooled and liquid cooled heat rejection rates for the six waste-management

subsystems are listed under item G in table 2.3-2 The sums of the air and liquid rates are
given in figure 2.3.4-1. Air cooled heat rejection is that part of the process heat that is
dissipated to the surrounding cabin air. Typical sources are electric motors and heat
transmission losses through thermally insulated hot surfaces. Liquid cooled heat
rejection is that portion of the process heat load that is not recovered for reuse by the
process and is therefore removed in a process cooling heat exchanger using liquid as a
coolant. Subsystem heat rejection is important because, whether it is air cooled or liquid
cooled, it ultimately affects the size and mass of the Space Station radiators and
thermal bus. The subsystems are listed below in the order of lesser to greater heat

rejection requirements:

1. VCD.

2. VPCAR.
3. TIMES.
4. INCIN.
5. SCwO.
6. WETOX.

Like the subsystem power characteristics, this ranking reflects the degree of heat
recovery employed in the subsystem designs as well as the auxiliary VPCAR penalties
imposed on INCIN and WETOX. SCWO heat rejection is relatively high due to extremely
high operating temperature (124 deg F).

2.3.5 Launch Cost Analysis
Subsystem parameters considered in this report, on-orbit weight and volume,
logistics weight and volume, power consumption, and heat rejection, can be used
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together in estimating the best individual waste-management subsystem by equating
each parameter to a 10-year launch cost. These parametric launch costs are then added
to yield total 10-year launch costs for each subsystem. The exceptions to this approach
are the on-orbit and resupply volume characteristics. However, the subsystem on-orbit
volumes closely track the on-orbit weight characteristics (figure 2.3.1-1). The return to
Earth volumes for each subsystem are all very small, ranging from 4 to 10 ft3 for a
resupply period of 90 days. In relation to the total Shuttle capacity of 10,603 ft3, these
values are considered to be too small to justify comparison.

The launch costs for the subsystem on-orbit and logistics weight and the launch
costs for the prorated power and thermal systems weight penalties can be totalled for
each subsystem and compared. Table 2.3.5-1 is a breakdown of the Initial Operational
Capability (I.O.C.) Space Station power and thermal system launch weights and equiva-
lent costs over a 10-year system life. This information was derived from reference 30,
tables 3.1-1 and 4.2.4-6. Table 2.3.5-2 compares the 10-year launch costs, including
prorated power and thermal system penalties, for each of the six subsystems, figure
2.3.5-1 is a bar chart of the results. This evaluation results in the following ranking of
the six subsystems from least expensive to most expensive 10-year launch costs.

1. VPCAR.

2. SCwo.
3. INCIN.
4. WETOX.
5. VCD.

6. TIMES.

Comparing this result with the previous logistics comparison in section 2.3.2 reveals
that when subsystems are compared individually on a 10-year launch cost basis logistics
becomes the most important cost factor.

Launch cost penalties for subsystem on-orbit weight and logistics weight can be
derived by considering the FY 89 Shuttle launch charge of $71.4 million divided equally
among the full Shuttle launch payload of 65,000 lb. This approach results in an
equivalent launch cost per pound of payload of $1098.46. When considering launch costs
over a projected 10-year subsystem equipment life, the annual resupply launch costs
require an adjustment for inflation. A figure of 7% per year is presently being used by
The Boeing Company in financial analyses. It is used here as well.

As mentioned in section 2.3, subsystem power consumption affects the size and
weight of the Space Station power system. The subsystems will draw power from the
main bus. Higher subsystem power requirements necessitate a larger Energy Conversion
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TABLE 2.3.5-1
IOC SPACE STATION POWER AND THERMAL SYSTEMS LAUNCH COSTS

1 (2)

(1 Annual 10-year 10-year 10-year
On-orbit replacement launch launch cost per kw
System wt (1b) wt (1b) wt (1b) cost ($) ($/kw)
(3) 75 kw 22,744 1,585 38,594 28,408,341 378,778
power
(4) 95.8 kw 10,818 144 12,258 12,194,318 162,591
thermal
Notes:

1.
2.

Weight figures are taken fram Reference 30, Tables 3.1-1 and 4.2.4-6.

Costs are based on a FY89 Shuttle customer launch cost of $71,400,000
as announced by NASA Administrator James Beggs in 1985. Assuming a full
cargo bay payload of 65,000 1b and assuming that the total launch
costs are apportioned equally among the payloads according to weight,
results in an equivalent launch cost per pound of about $1,098.46
The first-year costs are the launch fees for the system as well as the
the first-year resupply launch fees. The costs for years 2 through 9
consist of the annual resupply launch fees as adjusted for a 7% annual
rate of inflation. This is a future~value computation only. An Internal
rate of return calculation is not being used here.

This is the baseline power system consisting of a photovoltaic energy
conversion system (ECS), a fuel cell energy storage system (ESS), and a
power management and distribution system (PMAD).

This is the baseline thermal control system consisting of a two-phase
ammonia external bus and a two-phase water thermal transport system
including radiators, heat exchangers, coldplates, piping, and pumps.
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TABLE 2.3.5-2
WASTE MANAGEMENT SUBSYSTEM LAUNCH COSTS

90-Day Subsystem Subsystem (1) 10-year (2) 10-year

On-orbit  resupply power heat reject launch launch
Subsystem wt (1b) wt (1b) (kw) (kw) wt (1b) cost ($)
INCIN (3) 1,033 249 0.76 0.76 11,620 3,701,410
WETOX (3) 1,226 255 1.26 1.26 12,377 4,219,027
SCWO  (3) 396 230 0.55 0.85 10,116 2,767,098
VeD 111 466 0.11 0.11 19,081 4,261,344
TIMES 92 58 0.16 0.16 23,920 5,308,622
VPCAR 524 197 0.12 0.12 8,591 2,362,713

Notes:

1. This weight includes on-orbit and resupply weight penalties for the power used

and heat rejected by the subsystem as derived fram table 2.3.5-1.

. The first-year costs consist of the launch fees for the subsystem plus the

launch fees for that portion of the power and thermal systems used by the
subsystem as well as the first-year subsystem resupply launch fees plus the
resupply launch fees for that portion of the power and thermal sysems used by
the subsystem. The costs for years 2 through 9 consist of the annual resupply
launch fees for the subsystem and for that portion of the power and thermal
systems used by the subsystem, adjusted for a 7% annual rate of inflation.

The heat rejection for INCIN, WETOX, and SOWO includes the heat of combustion.

. Power and heat rejection rates assume continuous subsystem operation over a

24 hr period. This is consistent with the sizing criteria applied to the
subsystems in this report.
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System, (ECS) Energy Storage System, (ESS) (for operation during the darkside of the
orbit) and Power Management and Distribution System. Accordingly, it is reasonable to
penalize the subsystems with a portion of the power system weight and resupply weight
in direct relation to the power they consume. If a subsystem draws 7.5 kw and the I0C
Space Station power system supplies 75 kw, the subsystem is penalized 10% of the total
power system weight and logistics weight. These weight penalties are converted to 10-
year launch costs in the same manner as the subsystem on-orbit and logistics weights.
Likewise subsystem heat rejection affects the size and weight of the Space Station
thermal control system. The subsystems ultimately reject heat to the Space Station
thermal bus. Higher subsystem heat rejection rates require larger radiator surfaces and
a larger thermal transport system including heat exchangers, cold plates, piping, and
pumps. Therefore, it is reasonable to penalize the subsystems with a portion of the
thermal system weight and logistics weight in direct relation to the heat rejected. If a
subsystem rejects 9.58 kw of heat and the IOC Space Station thermal system is sized for
95.8 kw, the subsystem is penalized for 100% of the total thermal system weight and
logistics weight. These weight penalties are converted to ten year launch costs in the

same manner as the power system weight penalties and the subsystem on-orbit weights

and logistics weights.

2.3.6 Summary

Table 2.3.6-1 summarizes the subsystem parametric comparisons made in this
section.

TABLE 2.3.6-1
WASTE MANAGEMENT SYSTEM RANKING SUMMARY
Heat Launch

Ranking Weight Volume Logistics Power Rejection Costs

1 TIMES TIMES VPCAR VCD VvCD VPCAR

2 VCD VCD SCWO VPCAR VPCAR SCWO

3 SCWO SCwWO INCIN TIMES TIMES INCIN

4 VPCAR VPCAR WETOX SCWO INCIN WETOX

5 INCIN WETOX VvCD INCIN SCWO VCD

6 WETOX INCIN TIMES WETOX WETOX TIMES

58



Table 2.3.6-1 that the phase-change processes (VCD and TIMES) have the best
weight, volume, power, and heat rejection characteristics but have the worst logisties
requirements. The better characteristics are partially a result of the mature level of
subsystem development. The fact that these processes were designed to recover water
from only liquid wastes also contributes to the lower weight, volume, power, and heat
rejection but results in higher logistics requirements.

The combustion processes (INCIN, WETOX, and SCWO) have the opposite character-
istics. They exhibit relatively high weight, volume, power and heat rejection but lower
logisties requirements. The higher weight volume, power, and heat rejection rates are
partially a result of the lower maturity level of these subsystems but are also due to the
increased mass processing rate, higher recovery rate, and the nature of the processes
themselves that high temperatures and pressures for combustion. The more favorable
logisties requirements are due to the higher recovery rates of usable materials, requiring
less resupply and return to Earth logisties.

The VPCAR system is a hybrid using both phase-change and oxidation processes, its
parametric performance is therefore more mixed than for the other systems in this
study. VPCAR displays the best logistics, good power consumption and heat rejection,
but only fair weight and volume characteristics. Overall, the performance is very good
considering its relatively low technology level (figure 2.3-1).

It is difficult to determine a "best" subsystem from the above comparisons.
Selecting a best subsystem depends upon which parameters are considered to be most
important. The relative importance of the parameters depends on the mission require-
ments. For example, a short-mission space capsule may place maximum emphasis on
weight, volume, power, and heat rejection. A long-mission lunar base or Mars expedition
may place maximum emphasis on reducing or eliminating logistics. The Space Station
may place equal emphasis on all of the parameters with upper limits set for each one.
Table 2.3.6-2 is a parametric evaluation of the subsystem where all parameters are

considered to be equally important.
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WASTE MANAGEMENT SYSTEM PARAMETRIC EVALUATION
WASTE MANAGEMENT SUBSYSTEM

Parameter INCIN WETOX SCWO VCD TIMES VPCAR
Weight 5 6 3 2 1 4
Volume 6 5 3 2 1 4
Logistics 3 4 2 5 6 1
Power 5 6 4 1 3 2
Heat Reject 4 8 5 1 3 2

Total 23 27 17 11 14 13

In table 2.3.6-2 the subsystems are given nominal values based on their relative
ranking in each parametric category. Therefore, the TIMES subsystem weight parameter
is given a value of 1 because TIMES exhibited the best weight characteristics (section
2.3.1). The WETOX subsystem power parameter, however, is given a value of 6 it
exhibited the highest power consumption (section 2.3.3). Lower ranking values in this
Table indicate lower parametric penalties and therefore better relative parametric
standing. When the parametric values for each subsystem are summed, the following

parametrie ranking results:

1. VCD.

2. VPCAR.
3. TIMES.
4. SCWO.
5. INCIN.
6. WETOX.

When all parameters are considered equally, the phase-change processes come out
on top and VCD is the best of these. Subsystem maturity and functional design have a
lot to do with this result.

NASA Space Station program places primary emphasis on costs. At this time there
is not enough information on all of the subsystems to determine and compare them for
life cyele costs. But, as demonstrated in table 2.3.5-1, there is enough parametric

information derived from this report to determine and compare subsystem launch costs
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over a projected subsystem equipment life of 10 years. The launch costs in this table
have subsystem power and heat rejection support required from the space station
factored into them. The results reveal that if launch costs were to be the single most
important selection criteria, then the subsystems would have to be ranked from most to

least desirable as follows:

1. VPCAR.
2. SCwoO.
3. INCIN.
4. WETOX.
5. VCD.

6. TIMES.

This is the same relative ranking as the logistics comparison in section 2.3.2. This
indicates that when launch costs are considered over the life of the equipment, logistics
becomes the single most important parameter. Logistics becomes so important that it
overrides weight, volume, power, and heat rejection combined. The combustion-based
subsystems have the best logistics characteristics and, of these, VPCAR and SCWO

appear to be the best performers.
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2.4 IMPACT ON OVERALL ECLSS
As part of an integrated Space Station ECLSS, the waste-treatment process does not

operate as an independent entity. It depends on inputs from other ECLSS subsystems for
operation (e.g., power, waste water, oxygen). It must also have outputs that other
ECLSS subsystems can process (e.g., solids, concentrated waste water, recovered water
and gases) at operating temperatures and pressures that the other subsystems are
designed to tolerate. Types and quantities of the materials required and produced by the
waste-treatment process therefore affect the balance of materials processed and stored
by the rest of the ECLSS. This interdependency influences the process rates of certain
other subsystems (e.g., increased Og generation rate for the static-feed water
electrolysis oxygen system when a combustion or oxidation based waste-management
subsystem is used). These process rate changes may require upsizing or downsizing of
certain dependent subsystems. Therefore, it can be assumed that each type of waste
management subsystem imprints its own unique character upon the balance of materials
handled by the ECLSS and, therefore, upon the parameters of the ECLSS in which it
operates. Aeccordingly, overall ECLSS mass balances have been determined for each

waste treatment process in this report and are discussed below.

2.4.1 Combustion-Based Mass Balance

Figure 2.4.1-1 illustrates the impact of a combustion-based waste treatment
subsystem assuming that the product water meets NASA Potable Water Specification
MSC-SPEC-SD-W-0020 (it does not meet this specification at this time). The upper part
of the figure represents the baseline ECLSS configuration (as listed in table 2.5-1).
Baseline subsystems are represented in individual functional blocks (i.e., "COg Removal
EDC"). The middle portion represents ECLSS storage requirements within circular tanks,
noting the storage item and quantity to be stored in pounds per day (i.e., "Carbon Storage
<6.2>"). When no values are listed within these circles, no net storage either for resupply
or return to Earth is required. The lower portion represents both the waste-management
subsystem under consideration as well as any required auxiliary devices in functional
blocks.

This analysis is valid for INCIN and for WETOX provided with auxiliary VPCAR, as
well as for SCWO. These processes require the upsizing of the oxygen generation and the
carbon dioxide collection and reduction subsystems. They also require storage for ash
and sulfur dioxide (SOg) gas. Nitrogen released by combustion could provide the
necessary makeup for module leakage and subsystem ullage loss. Enough potable water
is produced to overcome deficits in the hygiene water production subsystems with some
excess water that would have to be stored and returned to Earth during resupply.
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A combustion analysis was performed particularly for analyzing the SCWO subsys-
tem using urine composition data from reference 26 and fecal and wash water
composition data from reference 25. Insufficient data were found for what might be the
chemical constituents of Space Station trash. Therefore, trash was assumed to be
similar in composition to wash solids. Trash quantities were derived from reference 13.
The resulting combustion analysis is shown in table 2.4.1-1. It applies to any of the

oxidation processes assuming complete oxidation of solids takes place.

2.4.2 VCD-Based Mass Balance

Figure 2.4.2-1 illustrates the impact of a VCD phase-change process on the Space
Station materials balance assuming that the recovered water meets the NASA potable
water specification (it does not at this time). Unlike the combustion processes, VCD can
not handle solids directly. Suspended solids must be separated by filtration. Dissolved
solids are concentrated into a brine that is 50% solids by weight. Because this subsystem
is not designed to treat solid wastes, fecal and trash solids must be separated from their
waters, stored, and returned to Earth. In the process of recovering water, VCD also
loses water in the formation of brine. In the ECLSS configuration selected for this
report, this brine becomes waste that does not undergo further processing and therefore
must be returned to Earth. Even so, VCD recovers enough water to make up the deficit
in hygiene water production with a couple of extra pounds per day left over requiring
storage for later return to Earth. VCD does not impact any of the other ECLSS

subsystems.

2.4.3 TIMES-Based Mass Balance

Figure 2.4.3-1 is a representation of the TIMES phase-change process impact on the
overall ECLSS, assuming that the recovered water meets the NASA potable water
specification (it does not at this time). Since TIMES, like VCD, is a phase-change
process it filters out suspended solids and concentrates dissolved solids in a brine. This
brine is lower in solids concentration for the TIMES than for the VCD. Six pounds of
water are lost for every 4 1b of solids removed. Therefore, less water is recovered by
the TIMES subsystem and more is returned to Earth as brine. This difference in brine
concentration is enough to allow a deficit in the hygiene water supply system, requiring
extra water supplies to be brought on board and stored at initial supply and resupply
times. Fecal and trash solids must be removed from their waters, stored, and returned
to Earth. TIMES does not impact any of the other ECLSS subsystems.
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TABLE 2.4.1-1 WASTE SOLIDS COMBUSTION ANALYSIS
Assumes Complete Combustion / Oxidation of Fuel

Amount of Material Required or Produced
(1b material/lb solid listed below)

Urine Fecal Hygiene and
Material Solids Solids Wash Solids
I Required:
Oxygen 0.614 1.83 1.43
ITI Produced:
Carbon dioxide 0.70 1.73 1.39
Water vapor 0.36 6.90 0.54
Nitrogen 0.22 0.08 0.05
Sulfur dioxide 0.008 0.0 0.12
Solids (ash) 0.32 0.13 0.33

Btu released per pound of solids oxidized

The basic combustion reactions are:

C + 02 => Co2 + 14,600 btu/lb C
2H2 + 02 => 2H20 + 62,000 btu/1b H2
S + 02 => S02 + 4,050 btu/l1b s
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2.4.4 VPCAR-Based Mass Balance

Figure 2.4.4-1 depicts the impact of the VPCAR waste-management subsystem on
the Space Station materials balance, assuming that the product water meets the NASA
potable water specification (it does not at this time). As mentioned earlier, VPCAR is
somewhat of a hybrid between the phase-change and combustion processes. It filters out
suspended solids and concentrates dissolved solids in an evaporator. However, volatiles,
such as ammonia, which are carried over into the water vapor side are oxidized and
reformed into reusable vapor and gases such as HoO and Nj. Fecal and trash solids must
be separated from their waters, stored, and returned to Earth. It has been assumed for
the purposes of this mass balance that dissolved solids are carried over into the vapor
side and catalytically oxidized. This process requires the upsizing of the oxygen
generation and the carbon dioxide collection and reduction subsystems, although not to
the same degree as the combustion processes due to the inability to handle suspended
solids. Ash and SO2 collection and storage is required to handle the oxidation waste
products. The nitrogen released by the oxidation process is not enough to make up for
module leakage and subsystem ullage loss. Therefore, additional nitrogen is required
either as stored gas or liquid or by a nitrogen generation subsystem. Enough usable
water is produced by the VPCAR to make up the deficit in the hygiene water production
subsystem with several pounds per day excess requiring storage for later return to Earth.
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2.5 ECLSS PARAMETRIC COMPARISON

In order to more completely assess the parameters of the six waste-management
subsystems involved in this study, it was felt that each subsystem should be "placed" into
a common Space Station ECLSS configuration and that the resulting ECLSS parameters
should be evaluated and compared. Using this approach, additional parametric penalties,
such as sizing changes in interdependent ECLSS subsystems, water system resupply and
waste return to Earth become more apparent. The ECLSS mass balances discussed in
section 2.4 were derived from this evaluation. The results are more fully discussed in
this section.

The common ECLSS configurations into which the waste-management subsystems
were placed are shown in tables 2.5-1 and 2.5-2. Table 2.5-1 is a listing of supporting
subsystems selected for the combustion-based waste-treatment processes. Table 2.5-2 is
a listing of supporting subsystems selected for the phase-change waste- treatment
processes and for VPCAR. The difference between these two tables is the inclusion of a
Shuttle commode and a trash compactor in table 2.5-2 as a penalty for the inability of
phase-change processes to handle fecal and trash solids. Otherwise, the temperature
control, air revitalization, supporting water processing, and the health and hygiene
subsystems are the same.

Table 2.5-3 shows comparative data for the complete ECLSS associated with each
type of waste-management subsystem. The parameters listed are similar to those
presented in table 2.3-2, which was used for the individual subsystem comparisons.

2.5.1 WEIGHT AND VOLUME

The fixed on-orbit weights and volumes for the six waste management ECLSS
configurations, sized for a one module Space Station mission with an eight-person crew,
are listed as items A and B in table 2.5-3 and are compared in figure 2.5.1-1. This figure
shows only slight differences among the configurations. The mean system weight is
11,512 1b with a standard deviation of 458 1b (4% of the mean). The mean system volume
is 948 ft3 with a standard deviation of 44 ft3 (5% of the mean). However slight the
differences may be, ranking these configurations on the basis of the most to least
preferred on-orbit weight and volume would yield the following list:

WEIGHT VOLUME
1. TIMES SCwo

2. VCD TIMES

3. SCWO VvCD

4. VPCAR WETOX
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BOEING ENGINEERING TRADES STUDY -

ITEM NO.

ADD

JOB ID INCN

(BETS)

ECLSS CONFIGURATION NO. 1

SUBSYSTEM SELECTION SUMMARY

SUBSYSTEM/COMPONENT

HX & FANS - AIR COOLING-------
HX & FANS - ODOR CONTROL------
HX - EQUIPMENT COLDPLATES-----

HX & FANS - HUMIDITY CONTROL----

CO2 REMOVAL - EDC-=———eem—m————
C02 REDUCTION - BOSCH-----—-=—-
TRACE CONTAMINANT CONTROL-----

ATMOSP MONITOR - MASS SPECTRMTR-
02 SUPPLY - STATIC FEED ELECTR.-

02 STORAGE - HI PRESS EMERG---

N2 SUPPLY - N2H4 DECOMPOSITION--

N2 STORAGE - HI PRESS EMERG---
CABIN PRESSURE CONTROL-======-=

POT. H20 STORAGE - CLOSED LOOP--
POT. H20 STORAGE - EMERGENCY----
REVERSE OSMOSIS - POTABLE H20---
PROCESSED H20 POST-TREATMENT POT
WASTE H20 STORAGE & PRE-TREAT---

WASH H20 STORAGE-=———=—————m———e
HYGIENE H20 STORAGE--==-======-

REVERSE OSMOSIS - HYGIENE H20---
H20 RECOVERY - INCINERATION ----
PROCESSED H20 POST-TREATMENT HYG

H20 QUALITY MONITORING-=-==—===-

HEALTH & HYGIENE - HAND WASH----
HEALTH & HYGIENE - HOT H20 SPLY-
HEALTH & HYGIENE - COLD H20 SPLY
HEALTH & HYGIENE - BODY SHOWER--
HEALTH & HYGIENE - DISHWASHER---
HEALTH & HYGIENE - CLTH WASH/DRY
HEALTH & HYGIENE - EMER WSTE COL
HEALTH & HYGIENE - OVEN---------
HEALTH & HYGIENE - FOOD REFRIDGE
HEALTH & HYGIENE - FOOD FREEZER-

ITIONAL COMPONENTS PER MODULE

0 SUITS AND PLSS'S
0 PORTABLE OXYGEN SUPPLIES
0 EMERGENCY ESCAPE SYSTEMS

24-SEP-85

STAINLESS

STAINLESS

TABLE 2.5-1 ECLSS WITH WASTE WATER PROCESSING BY COMBUSTION

71




BOEING ENGINEERING TRADES STUDY -

ITEM NO.

JOB ID VCD
ECLSS CONFIGURATION NO.

SUBSYSTEM SELECTION SUMMARY

SUBSYSTEM/COMPONENT
HX & FANS - AIR COOLING-======--
HX & FANS - ODOR CONTROL-==—====-=
HX - EQUIPMENT COLDPLATES--—=----
HX & FANS -~ HUMIDITY CONTROL----
CO2 REMOVAL - EDC-=======——w—-——-
CO2 REDUCTION - BOSCH-=========-
TRACE CONTAMINANT CONTROL-==-=---
ATMOSP MONITOR - MASS SPECTRMTR-
02 SUPPLY - STATIC FEED ELECTR.-
02 STORAGE - HI PRESS EMERG-----
N2 SUPPLY - N2H4 DECOMPOSITION--
N2 STORAGE - HI PRESS EMERG~----
CABIN PRESSURE CONTROL-========-
POT. H20 STORAGE - CLOSED LOOP--
POT. H20 STORAGE - EMERGENCY-=--
REVERSE OSMOSIS - POTABLE H20---
PROCESSED H20 POST-TREATMENT POT
WASTE H20 STORAGE & PRE-TREAT---
WASH H20 STORAGE--=====-====c=--
HYGIENE H20 STORAGE-----===-<-==
REVERSE OSMOSIS - HYGIENE H20---
H20 RECOVERY - VCD
PROCESSED H20 POST-TREATMENT HYG
H20 QUALITY MONITORING-=========

HEALTH & HYGIENE - HAND WASH----
HEALTH & HYGIENE - HOT H20 SPLY-
HEALTH & HYGIENE COLD H20 SPLY
HEALTH & HYGIENE BODY SHOWER--
HEALTH & HYGIENE DISHWASHER~~-
HEALTH & HYGIENE CLTH WASH/DRY
HEALTH & HYGIENE COMMODE/URINL
HEALTH & HYGIENE EMER WSTE COL
HEALTH & HYGIENE TRASH COMPACT
HEALTH & HYGIENE OVEN-=-==w====
HEALTH & HYGIENE FOOD REFRIDGE
HEALTH & HYGIENE FOOD FREEZER-

ADDITIONAL COMPONENTS PER MODULE

(BETS)

2

0 SUITS AND PLSS'S
0 PORTABLE OXYGEN SUPPLIES
0 EMERGENCY ESCAPE SYSTEMS

24-SEP-85

STAINLESS

STAINLESS

LSI

TABLE 2.5-2 ECLSS WITH WASTE WATER PROCESSING BY PHASE CHANGE
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TABLE 2.5-3

ECLSS CONFIGURATION PARAMETRIC SUMMARY
for an Eight-Person Crew

Waste Management Subsystem

(1) (1)

Parameter INCIN WETOX SCWO vCD TIMES
A.Weight (1lb) 11913 12104 11280 11047 11029
B.Volume (ft3) 995 968 885 925 923
C.Resupply (90-day)

Weight (1b) 1082 1088 1064 1664 1674

Volume (ft3) 853 908 906 979 979
D.Return to Earth

Weight (1b) 1849 1855 1830 3656 3774

Volume (ft3) 910 909 906 1079 1080
E.Power (w)

AC 2902 3396 2754 1943 1936

DC 5880 5880 5880 4589 4651

Intermittent 22295 5829 6665 6512 6513

F.Heat Rejection
Air cooled (btuh) 9365 9216 10322 7493 7681
Liqg cooled (btuh) 36245 37932 36773 29639 29828

1735
980

3414
1074

2099
5229
6587

7662
31793

1. INCIN and WETOX include an auxiliary VPCAR penalty as suggested

in the literature and as evaluated in this report.
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5. INCIN VPCAR
6. WETOX INCIN

The differences in configuration weights and volumes reflect not only the sizing of
the individual waste-treatment subsystems but also any size adjustments required for the
supporting subsystems. Although the range of differences in the system weights and
volumes is not as great as the range of differences in the subsystem weights and volumes
(table 2.3-1), the ranking is the same in both cases. This is due primarily to the fact that
TIMES and VCD are optimally designed to begin with. Additionally, these same two
subsystems do not require sizing changes in their companion ECLSS subsystems. SCWO,
VPCAR, INCIN, and WETOX have much more mass and volume as individual subsystems
than TIMES and VCD. The four subsystems do require sizing adjustments in the
supporting ECLSS subsystems. The INCIN and WETOX configurations are at the bottom
of the ranking due to their auxiliary VPCAR penalty. It should be noted that all six
configurations exceed the NASA estimates of 9,271 1b and 773 £t3 for the total ECLSS,
including extravehicular activity (EVA) servicing and safe-haven provisions as given in

reference 30, table 4.4.6-3.

2.5.2 LOGISTICS
Configuration resupply and return to Earth weights and volumes are listed as items

C and D in table 2.5-3. The return to Earth logistics figures include resupply logistics.
Configuration resupply and return to Earth weights, only, are compared in figure 2.5.2-1.

The data in table 2.5-3 indicate that there is very little difference among the
configuration logistics volumes. The mean logistics volume is 993 ft3 with a standard
deviation of 93 ft3 (9% of the mean). Therefore, only the weights are used in this
comparison. Ranked in the order of the most desirable logistics weights, the

configurations are listed as follows:

1. SCWwoO.
2. INCIN.
3. WETOX.
4. VPCAR.
5. VCD.

6. TIMES.

The combustion-based ECLSS show the most favorable logistics requirements

because these subsystems process and recover more waste materials than the phase-
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change based systems. Therefore, less resupply and return to Earth items are required.
The differences among the logistics weights for the combustion-based systems are
insignificant, having a mean return to Earth weight of 1845 1b with a standard deviation
of only 13 1b (0.7% of the mean).

The VPCAR requires the least overall logistics of the phase-change based ECLSS
configurations. This is due to its combustion-like (oxidation) characteristics in reducing
a greater quantity of waste and recovering more water and gases. The logisties are less
than for the VCD and TIMES configurations even though VPCAR requires more support
from the rest of the ECLSS subsystems (e.g., Og supply, CO9 recovery, etec.). VPCAR
also does not produce a brine as do VCD and TIMES. Brines for VCD and TIMES tie up at
least an equal quantity of water to solids removed in the waste-management subsystem.
This water becomes unrecoverable waste and must be returned to Earth. The VCD
configuration requires less logistics than the TIMES configuration because it does not
lose as much water to the production of brine as does the TIMES.

All of the resupply requirements for the six ECLSS configurations fall within the
Shuttle launch capacity of 65,000 1b and 10,600 ft3. The return to Earth requirements
for the configurations all fall within the Shuttle landing capacity of 32,000 1b and 10,600
ft3.

2.5.3 POWER CONSUMPTION AND HEAT REJECTION

ECLSS configuration power consumption (w) and heat rejection (btuh) are listed as
items E and F, respectively, in table 2.5-3. Configuration total power consumption (kw)
and total heat rejection (thousands of btuh) are compared in figure 2.5.3-1. When ranked
according to optimal power consumption, the six ECLSS configurations are as follows:

1. VCD.

2. TIMES.
3. VPCAR.
4. SCWO.
5. INCIN.
6. WETOX.

The VCD and TIMES power consumption rates are very close to each other not only
because of the similarity of their processes but also because of the high degree of heat
recovery designed into these subsystems. Their ECLSS configurations also consume less
power than the others because phase-change processes have minimal impaet on
companion ECLSS subsystems. The VPCAR process uses phase-change and employs heat
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recovery as well, but requires high temperatures (250 deg C and 450 deg C) for catalytic
oxidation and impacts the sizing of supporting ECLSS subsystems.

The combustion based configurations consume the most power because they process
and recover more materials, operate at higher temperatures, and require more support
from other ECLSS subsystems. Less power would be required if the solids concentration
of the waste water to be processed by these subsystems were boosted to 10% to 30% by
weight. This would result in additional heat being evolved by the combustion process,
whieh could then be recovered to preheat the incoming slurry and oxygen gas. The
WETOX system has higher power consumption than the INCIN system primarily due to
high operating pressure (2200 psia). It consumes more power than the SCWO system due
the use of less heat recovery in the primary process.

When ranked according to optimum heat rejection, the six waste treatment based

ECLSS configurations are as follows:

1. VCD.

2. TIMES.
3. VPCAR.
4. INCIN.
5. SCWO.
6. WETOX.

The VCD and the TIMES configurations show the least heat rejection requirements
because of their built-in heat recovery. They are nearly equal in this respect. The
VPCAR configuration, however, operates at higher temperature and impacts supporting
ECLSS subsystems resulting in a higher heat rejection rate.

The combustion-based ECLSS all show considerably more heat rejection
requirements. Again, this is because they process and recover more waste materials,
operate at higher temperatures, and require more support from companion ECLSS

subsystems than the other configurations.

2.5.4 LAUNCH COST ANALYSIS

The ECLSS configuration parameters, like the parameters for the individual waste
management subsystems considered in section 2.3, can be used together for estimating
the best ECLSS waste-management configuration by equating each parameter with a 10-
year launch cost. However, discussion of launch costs focuses on weight parameters and
generally does not address volume issues. Therefore, on-orbit and logistics volumes are
left out of this type of analysis. Is this valid? As shown in sections 2.5.1 and 2.5.2, there
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are small relative differences in both the on-orbit (the standard deviation is 5% of the
mean) and logistics (the standard deviation is 9% of the mean) volumes among the six
ECLSS configurations. Because of these small differences and the fact that even the
largest volume (1080 ft3) amounts to only 1/10 of the shuttle cargo bay capacity,
volumes are not considered to be significant enough to be of concern here.

Launch costs for the on-orbit and logistics weight and the launch costs for the
ECLSS configuration power and thermal systems weight penalties are totalled and
compared, as in section 2.3.5. Table 2.5.4-1 is a listing of the 10-year ECLSS
configuration launch costs. Figure 2.5.4-1 is a bar chart of the resuits. This evaluation
results in the following ranking of the six configurations from least to most expensive

10-year launch costs:

1. INCIN.
2. SCWwO.
3. WETOX.
4. VPCAR.
5. VCD.

6. TIMES.

When this ranking is compared with the results of the logistics weight ranking in
section 2.5.2, it becomes evident that logistics becomes the single most important
parameter affecting 10-year launch costs. It becomes so important that it overrides on-
orbit weight, power consumption, and heat rejection combined. This is the same
conclusion reached in section 2.3.5 where 10-year launch costs are compared for the
individual subsystems.

Configuration launch costs and launch cost penalties for configuration power use and
heat dissipation are determined on the same basis as for the individual subsystems in

section 2.3.5.
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TABLE 2.5.4-1

ECLSS CONFIGURATION LAUNCH COSTS

90-~day Subsystem Subsystem (1) 10-year (2) 10-year

ECLSS On-orbit resupply power heat reject launch launch
config wt (1b) wt (1b) (kw) (kw) wt (1b) cost ($)
INCIN (3) 11,913 1,849 5.91 13.36 91,651 33,228,675
WETOX (3) 12,104 1,855 9.28 13.81 93,877 34,824,823
SeWo  (3) 11,280 1,830 8.63 13.80 91,703 33,453,127
VCD 11,047 3,656 6.53 10.88 164,071 48,032,048
TIMES 11,029 3,774 6.59 10.99 168,883 49,083,087
VPCAR 11,696 3,414 7.33 11.56 155,404 47,013,784

Notes:

1. This weight includes on-orbit and resupply weight penalties for the power used
and heat rejected by the subsystem as derived fram table 2.3.5-1.

2. The first-year costs consist of the launch fees for the ECLSS plus the launch
fees for that portion of the power and thermal systems used by the ECLSS, as
well as the first-year ECLSS resupply launch fees plus the resupply launch fees
for that portion of the power and thermal sysems used by the ECLSS. The costs
for years 2 through 9 consist of the annual resupply launch fees for the ECLSS
and that portion of the power and thermal systems used by the ECLSS, adjusted
for a 7% annual rate of inflation.

3. The heat rejection for INCIN, WETOX, and SCWO includes the heat of combustion.

4, Power and heat rejection rates assume continuous subsystem operation over a

24 hr

subsystems in this report.

period. This is consistent with the sizing criteria applied ¢to the
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2.5.5 SUMMARY
Table 2.5.5-1 summarizes the ECLSS configuration parametric comparisons made in

section 2.5.
TABLE 2.5.5-1

ECLSS CONFIGURATION RANKING SUMMARY

Heat Launch

Ranking  Weight Volume Logistics = Power Rejection Costs

1 TIMES *SCWO *SCwWO VCD VCD *INCIN

2 VvCD *TIMES *INCIN *TIMES  *TIMES SCWO

3 SCWO *VCD *WETOX *VPCAR *VPCAR *WETOX

4 VPCAR *WETOX *VPCAR SCwWO INCIN VPCAR

5 INCIN *VPCAR VvCD INCIN SCWO vCD

6 WETOX INCIN TIMES WETOX  WETOX TIMES
Notes:

*Indicates a difference in ranking from the individual subsystem comparisons in section
2.3.

Table 2.5.5-1 shows the same general parametic trends for the ECLSS configurations
as does table 2.3.6-1 for the individual subsystem parameters. That is, the phase-change
based configurations (VCD and TIMES) exhibit lower weight, volume, power consumption,
and heat rejection characteristics, even with waste storage penalties, than the
combustion-based configurations (INCIN, WETOX and SCWO). This is understandable not
only from an individual subsystem standpoint, as discussed in section 2.3.6, but also from
the standpoint of subsystem interdependency. The phase-change processes require very
little support from the other ECLSS subsystems. Therefore, there are very few
supporting subsystem sizing adjustments, with the related additional weight, volume,
power, and heat rejection, required.

The combustion-hased configurations, however, have the best logisties
characteristics but the worst weight, volume (with the exception of .SCWO), power
consumption, and heat rejection. This is due not only to the individual subsystem design
characteristics (as discussed in section 2.3.6) but it is also due to the extent of subsystem
interdependency. The combustion-based processes require oxygen and produce Ng, CO9,
and SO9 gases as well as water. These gases must be handled by other subsystems. The
extra capacity requirements levied on these supporting subsystems result in higher
subsystem weight, volume, power, and heat rejection. This, in turn, results in higher
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overall configuration weight, volume, power, and heat rejection than is contributed by
the waste-treatment subsystem alone.

The VPCAR does not compare as well with the other subsystems when evaluated as
part of an overall ECLSS. Being a hybrid system, part phase-change and part combustion
(oxidation), its ranking is mixed. However, its combustion characteristics with its higher
dependency on other subsystems become a dominant factor. It ranks third in power and
heat rejection, fourth in weight and logistics and fifth in volume.

If all the parameters are weighted equally important, as may be the case for the
Space Station, the ECLSS configurations can be evaluated as shown in table 2.5.5-2

below.
TABLE 2.5.5-2
ECLSS CONFIGURATION PARAMETRIC EVALUATION
Waste Management Subsystem
Parameter INCIN WETOX SCWO VCD TIMES VPCAR

Weight 5 6 3 2 1 4
Volume 6 4 1 3 2 5
Logistics 2 3 1 5 6 4
Power 5 6 4 1 2 3
Heat Rejection 4 6 5 1 2 3
Total 22 25 14 12 13 19

Table 2.5.5-2 assigns values to the configuration parameters equal to the relative
ranking of each configuration for each parameter considered. For example, the TIMES
configuration weight is assigned a value of 1 because it has the lowest weight of the six
configurations (section 2.5.1). The WETOX configuration heat rejection, however, is
assigned a value of 6 because it has the highest heat rejection rate of the six
configurations (section 2.5.3). Therefore, the lower values in this table represent better
parametric performance. The following configuration ranking is derived from summing
the parametric values for each configuration.
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1. VCD.

2. TIMES.
3. SCwo.
4. VPCAR.
5. INCIN.
6. WETOX.

As is the result when the subsystems are considered individually, when the
parameters are equally weighed the phase-change processes come out on top and the
VCD is the best of these. However, when compared with the summary of the individual
subsystems in section 2.3.6, VPCAR ranks differently. As part of an ECLSS, VPCAR
ranks fourth. It ranks second as an individual subsystem. As mentioned earlier, this is
due to its dependency on other ECLSS subsystems.

If primary emphasis is placed on configuration launch costs (section 2.5.4), the

configuration ranking changes to the following:

1. INCIN.
2. SCWwO.
3. WETOX.
4. VPCAR.
5. VCD.

6. TIMES.

This is very close to the ECLSS configuration logisties ranking in section 2.5.2. It
indicates that, when launch costs are considered over the lifetime of the ECLSS
equipment, logistics become the single most important parameter. It becomes so
important that it overrides weight, volume, power, and heat rejection combined. The
combustion-based ECLSS configurations have the best logistics. Of these, INCIN and
SCWO appear to be the best performers. Yet the launch cost figures are so close among
INCIN, WETOX, and SCWO it can only be concluded that combustion-based waste
treatment processes are more launch cost effective than the phase-change based

processes.
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3.0 CONCLUSION

The parameteric rankings obtained in section 2.5 for the six waste management
subsystem ECLSS configurations provide the basis for the conclusions in this report. This
is because the configuration rankings include consideration of individual subsystem
parameters along with overall ECLSS materials balances and ECLSS subsystem
interdependence. Therefore, they provide a more complete picture of the end
parametric effects of each of the six waste-management subsystems. Table 2.5.5-1 is

repeated here as a summary of section 2.5.

ECLSS CONFIGURATION RANKING SUMMARY

Heat Launch
Ranking Weight Volume Logistics = Power rejection costs

1 TIMES SCwo SCwo VCD VvCD INCIN

2 VvCD TIMES INCIN TIMES TIMES SCwWO

3 SCwWO VvCD WETOX VPCAR VPCAR WETOX
4 VPCAR WETOX VPCAR SCwo INCIN VPCAR
5 INCIN VPCAR VvCD INCIN SCWO VvCD

6 WETOX INCIN TIMES WETOX  WETOX TIMES

Several conclusions may be drawn from this summary. First, it highlights the
optimum ECLSS configuration for each parameter. If on-orbit weight is considered to be
the most important characteristic, then the TIMES configuration has the lowest weight.
If logistics weight is considered to be the most important factor, then the SCWO
configuration has the lowest logisties requirements.

Second, general trends related to process type appear. The summary reveals that
the phase-change processes (VCD and TIMES) exhibit the best weight, volume (with the
exception of SCWO), power, and heat rejection characteristics, but the worst logistics.
The combustion processes (INCIN, WETOX, and SCWO) exhibit very good logistics, but
the worst weight, volume, power, and heat rejection. The VPCAR results are more
mixed because this subsystem is part phase-change, with its hollow fiber membrane
evaporator, and part combustion (oxidation), with its NH3 and N9O catalytic oxidation
reactors. These trends are due in part to the function of the processes and due in part to
their level of maturity. The phase-change processes handle only liquid wastes and can
only recover 94% to 97% of the water in these wastes. Any solids in the wastes and an
equal amount of water by weight are rejected as brine and stored for return to Earth.

Handling a limited amount of wastes keeps the on-orbit weight and volume, power
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consumption, and heat rejection rates relatively low, but the brine storage requirements
keep the return to Earth logistics high. The combustion processes are designed to handle
both solid and liquid wastes. They not only recover 100% of the water in the waste but
also produce additional water in the oxidation reactions. The higher waste-processing
rate and the higher operating temperatures and pressures (except INCIN) required for
this rate tend to increase the subsystem weight, volume, power consumption, and heat
rejection rates. Increased dependency on the other ECLSS subsystems for providing O9
and for processing N9, COg, and SOg tend to increase these same parameters for the
supporting subsystems as well. However, the higher processing and recovery rates also
tend to significantly reduce the ECLSS logistics requirements for water and Ng.

Third, relationships between the various parameters become visible. Power
consumption and heat rejection rates have identical configuration rankings because all of
the power required by a subsystem is assumed to be converted to heat. If a fan motor
draws 1 kw of electrical power, it is assumed that 1 kw of heat is passed to the cabin
atmosphere by the motor. The exception to this assumption is the combustion processes.
These generate additional heat, above their power consumption rate, in the exothermic
oxidation reactions (figure 2.4.1-1). Another relationship exists between configuration
logistics and 10-year launch costs. When launch costs consider not only getting the
equipment into orbit but also resupplying it every 90 days over an anticipated 10-year
life, logistics becomes the single most important cost factor. One relationship that is
not evident in this summary but is evident in the consideration of individual subsystems
(section 2.3, figure 2.3.1-1) is the direct relationship between on-orbit weight and
volume. This is not seen in the ECLSS configuration comparisons because the weight and
volume values are too close to each other. The values are so close (within 4% to 9%)
that they can be considered within the limits of estimating error and therefore not
significant.

It is not obvious from table 2.5.5-1 which waste-management subsystem is the best
overall parametric performer. That judgment depends largely on which parameters are
considered to be the most important. The relative importance of each parameter must
be determined from the individual space mission requirements. A short mission in a
space capsule may emphasize low weight, volume, power, and heat rejection. A long-
duration lunar base or Mars expedition may place higher priority on low logisties. A
Space Station in Earth orbit may place equal importance on all. If all parameters are
considered equally important, then the subsystems can be ranked as follows from best to

least:
1. VCD.
2. TIMES.
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3. SCWO.

4. VPCAR.
5. INCIN.
6. WETOX.

Because the phase-change processes rank highest in four out of the five separate
parameters they have the best overall performance. VCD ranks the highest of these.
The combustion processes rank the lowest, but SCWO is the best of these.

NASA is placing primary importance on costs for the Space Station program.
Although insufficient data have been found for calculating complete subsystem life eycle
costs for this report, enough subsystem parametric data have been generated by the
BETS to estimate subsystem launch costs over a projected 10-year equipment life. When
these costs, which are adjusted for the use of the IOC Space Station power and thermal
systems, are compared for each ECLSS configuration, the following subsystem ranking

from least to most expensive launch cost results.

1. INCIN.
2. SCwo.
3. WETOX.
4. VPCAR.
5. VCD.

6. TIMES.

This ranking is basically the same as for the logistics parameter, indicating that
when launch costs are evaluated over the life of the equipment, logistics becomes the
single most important factor. Logistics becomes so important that it overrides the
weight, volume, power consumption, and heat rejection parameters combined. The
combustion processes have the lowest logistics requirements. The cost figures are so
close among the three combustion processes (within 5%) that no clear best performer is

indicated.
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5.0 THE BETS PROGRAM AND PROGRAM RESULTS

5.1 THE BETS PROGRAM

The BETS (Boeing Engineering Trade Study) program employed in this study
calculates characteristies of an ECLSS system configured by the user. The program
considers the interactions between the selected subsystems and bases calculations on
average process rates taken as steady state. A flow chart of the main program is shown
in figure 5.1-1. The BETS program contains average loads assumed generated by the
crew and the non-ECLSS Space Station equipment (table 5.1-1), as well as mission data
assumed for the Space Station (table 5.1-2). These data are representative of current
projections for Space Station operation. The exceptions in this study will be that no EVA
is considered and that the entire inhabited volume is considered as a single module.

5.1.1 COMPARISON PROCEDURE

A representative ECLSS system configuration sized to handle the loads from an
eight-person crew was selected as the baseline for the comparison of the subject water
reclamation subsystems. However, a commode for the storage of fecal solids and a trash
compactor for the processing of dry garbage has been added to the VCD, TIMES and
VPCAR ECLSS analyses as penalties for the inability of these systems to handle solid
wastes. Tables 5.1.1-1 and 5.1.1-2 summarize the ECLSS subsystems selected along with
the combustion-based and the phase-change based waste treatment processes,
respectively.

The BETS subroutines for INCIN, WETOX, SCWO, and VCD were developed as linear
extrapolations from single point data found in or derived from the current literature.
The TIMES subroutine was developed from parametric data supplied by Hamilton
Standard to Boeing Aerospace Company. The VCD subroutine was developed by fitting
curves derived from Hamilton Standard parametric data to single point data supplied by
Life Systems Inc. to Boeing.

INCIN, WETOX, and SCWO subroutines all intake urine/flush water, reverse osmosis
brines (condensate and wash water), fecal solids and fecal water, trash solids and trash
water, and oxygen. They all produce water, COg gas, No gas, SO9 gas (primarily from
the soap in the wash water brine), and solids. The INCIN and WETOX processes are
considered to output water too dirty to be used directly. These subroutines, therefore,
carry parametric penalties for an auxiliary VPCAR as an integral cleanup process.

The VCD, TIMES II, and VPCAR subroutines all intake urine/flush water, reverse
osmosis brines (condensate and wash water), fecal water, and trash water. The VPCAR

subroutine includes terms for intake oxygen, antifoam agent, pH adjustment agent, and
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BOEING ENGINEERING TRADES STUDY -~ (BETS)
AVERAGE LOADS FOR ECLSS

PARAMETER UNITS

LB/PERSON-DAY
LB/PERSON-DAY

METABOLIC OXYGEN
METABOLIC CARBON DIOXIDE

LB/PERSON-DAY
LB/PERSON-DAY
LB/PERSON-DAY
LB/PERSON-DAY
LB/PERSON-DAY
LB/(8) CREW-DAY

DRINKING WATER

FOOD PREPARATION WATER
HAND WASH WATER

SHOWER WATER

CLOTHES WASH WATER
DISH WASH WATER

METABOLIC PRODUCED WATER LB/PERSON-DAY
PERSPIRATION/RESPIRATION WATER LB/PERSON-DAY
URINE (3.3) AND FLUSH (1.1) LB/PERSON-DAY

FOOD SOLIDS
FOOD WATER

FOOD PREPARATION LATENT WATER

URINE SOLIDS
FECAL SOLIDS
SWEAT SOLIDS

EVA DRINK WATER
EVA WASTE WATER
EVA OXYGEN

EVA CARBON DIOXIDE

SENSIBLE METABOLIC HEAT

HYGIENE LATENT WATER
LAUNDRY LATENT WATER
HYGIENE WATER SOLIDS
WASTE WASH WATER SOLIDS

AIRLOCK VOLUME

CABIN AIR LEAKAGE
COMMODE ULLAGE VOLUME
CHARCOAL (ODOR CONTROL)
CLOTHING WEIGHT

LB/PERSON-DAY
LB/PERSON-DAY
LB/PERSON-DAY

LB/PERSON-DAY
LB/PERSON-DAY
LB/PERSON-DAY

LB/8-HR EVA
LB/8-HR EVA
LB/8-HR EVA
LB/8-HR EVA

BTU/PERSON-DAY

LB/PERSON-DAY
LB/PERSON-DAY
$ OF H20 USAGE
% OF H20 USAGE

FT3
LB/DAY-MODULE
FT3/DUMP
LB/PERSON-DAY
LB/PERSON-DAY

24-SEP-85

AVERAGE

7010.00

0.94
0.13
0.13
0.44

150.00
0.50
0.00
0.13
0.00

TABLE 5.1-1




BOEING ENGINEERING TRADES STUDY -

(BETS) 24-SEP-85

JOB ID INCN
ECLSS CONFIGURATION NO. 1

SPECIFIC MISSION DATA

PARAMETER UNITS VALUE
MODULE
NUMBER OF MODULES TOTAL 1
NUMBER OF CREWPERSONS TOTAL 8
AVERAGE FREE VOLUME FT3 PER MODULE 4010.00
PRESSURIZATION (PER MODULE)
TOTAL MODULE PRESSURE PSIA 14.70
02 PARTIAL PRESSURE PSIA 3.00
CO2 PARTIAL PRESSURE MMHG 3.00
NO. OF RE-PRESSURIZATIONS PER RESUPPLY PERIOD 1
HEAT LOADS (PER MODULE)
LIGHTING & DISPLAYS BTU/DAY 25000.00
EXPERIMENTAL
SENSIBLE BTU/DAY 0.00
LATENT H20 LB/DAY 0.00
EVA
NUMBER OF EVA PER WEEK 0
AVERAGE EVA DURATION HOURS 8.00
AIRLOCK USED PER WEEK 0
AIRLOCK DUMP PRESSURE PSIA 2.00
RESUPPLY
INITIAL SUPPLY PERIOD DAYS 90.00
RESUPPLY PERIOD DAYS 90.00
EMERG. SUPPLIES ALLOCATION DAYS 28.00
ORBIT
LIGHTSIDE DURATION MIN 56 .00
DARKSIDE DURATION MIN 36.00
TABLE 5.1-2
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BOEING ENGIMEERING TRADES STUDY -

ITEM NO.

JOB ID INCN
ECLSS CONFIGURATION NO.

(BETS)

1

SUBSYSTEM SELECTION SUMMARY

SUBSYSTEM/COMPONENT
HX & FANS - AIR COOLING--=-====-=-=
HX & FANS - ODOR CONTROL-----=--
HX - EQUIPMENT COLDPLATES-------
HX & FANS - HUMIDITY CONTROL----
CO2 REMOVAL - EDC---—-—--————-—-
CO2 REDUCTION - BOSCH-----=—=-—--
TRACE CONTAMINANT CONTROL--—-=—~-
ATMOSP MONITOR - MASS SPECTRMTR-
02 SUPPLY - STATIC FEED ELECTR.-
02 STORAGE - HI PRESS EMERG-----
N2 SUPPLY - N2H4 DECOMPOSITION--
N2 STORAGE - HI PRESS EMERG-----
CABIN PRESSURE CONTROL-=---=----
POT. H20 STORAGE - CLOSED LOOP--
POT. H20 STORAGE - EMERGENCY----
REVERSE OSMOSIS - POTABLE H20---
PROCESSED H20 POST-TREATMENT POT
WASTE H20 STORAGE & PRE-TREAT---
WASH H20 STORAGE---=--—===—-————--
HYGIENE H20 STORAGE--=--—-===—eca-
REVERSE OSMOSIS - HYGIENE H20---
H20 RECOVERY - INCINERATION ----
PROCESSED H20 POST-TREATMENT HYG
H20 QUALITY MONITORING--—--—-———--—

HEALTH & HYGIENE - HAND WASH----
HEALTH & HYGIENE - HOT H20 SPLY-
HEALTH & HYGIENE - COLD H20 SPLY
HEALTH & HYGIENE - BODY SHOWER--
HEALTH & HYGIENE - DISHWASHER---
HEALTH & HYGIENE - CLTH WASH/DRY
HEALTH & HYGIENE - EMER WSTE COL
HEALTH & HYGIENE - OVEN--—--=-—--
HEALTH & HYGIENE - FOOD REFRIDGE
HEALTH & HYGIENE - FOOD FREEZER-

ADDITIONAL COMPONENTS PER MODULE

0 SUITS AND PLSS'S
0 PORTABLE OXYGEN SUPPLIES
0 EMERGENCY ESCAPE SYSTEMS

24-SEP-85

STAINLESS

STAINLESS

TABLE 5.1.1-1 ECLSS WITH WASTE WATER PROCESSING BY COMBUSTION
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BOEING ENGINEERING TRADES STUDY -

ITEM NO.

JOB ID VCD
ECLSS CONFIGURATION NO.

SUBSYSTEM SELECTION SUMMARY

SUBSYSTEM/COMPONENT
HX & FANS - AIR COOLING-===~=====
HX & FANS - ODOR CONTROL-=====--
HX - EQUIPMENT COLDPLATES-=-=-=-=-
HX & FANS - HUMIDITY CONTROL--=-
CO2 REMOVAL - EDC-—====—=—==—=—--
CO2 REDUCTION - BOSCH-—-========-
TRACE CONTAMINANT CONTROL-~===--
ATMOSP MONITOR - MASS SPECTRMTR-
02 SUPPLY - STATIC FEED ELECTR.-
02 STORAGE - HI PRESS EMERG---~-
N2 SUPPLY - N2H4 DECOMPOSITION--
N2 STORAGE - HI PRESS EMERG---~-
CABIN PRESSURE CONTROL--==-===~=
POT. H20 STORAGE - CLOSED LOOP--
POT. H20 STORAGE - EMERGENCY----
REVERSE OSMOSIS - POTABLE H20---
PROCESSED H20 POST-TREATMENT POT
WASTE H20 STORAGE & PRE-TREAT---
WASH H20 STORAGE-~-===-===c-c—-w-
HYGIENE H20 STORAGE-======v=-—=-=
REVERSE OSMOSIS - HYGIENE H20---
H20 RECOVERY - VCD
PROCESSED H20 POST-TREATMENT HYG
H20 QUALITY MONITORING==-==w===—-=

(BETS)

HEALTH & HYGIENE ~ HAND WASH----
HEALTH & HYGIENE HOT H20 SPLY-
HEALTH & HYGIENE COLD H20 SPLY
HEALTH & HYGIENE BODY SHOWER--
HEALTH & HYGIENE DISHWASHER---
HEALTH & HYGIENE CLTH WASH/DRY
HEALTH & HYGIENE COMMODE/URINL
HEALTH & HYGIENE EMER WSTE COL
HEALTH & HYGIENE TRASH COMPACT
HEALTH & HYGIENE OVEN--=—==~-~
HEALTH & HYGIENE FOOD REFRIDGE
HEALTH & HYGIENE FOOD FREEZER-

ADDITIONAL COMPONENTS PER MODULE

0 SUITS AND PLSS'S
0 PORTABLE OXYGEN SUPPLIES
0 EMERGENCY ESCAPE SYSTEMS

24-SEP-85

STAINLESS

STAINLESS

LSI

TABLE 5.1.1-2 ECLSS WITH WASTE WATER PROCESSING BY PHASE CHANGE
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filter material. All these subroutines produce water. The VPCAR also outputs COg9 gas,
N9 gas, SO9 gas and solids as byproducts of the catalytic oxidation process. The VCD
and TIMES produce a concentrated brine (40% to 50% solids by weight) that must go to

waste storage.

5.2 COMPARISON RESULTS
Tables 5.2-1 through 30 are the outputs of BETS for the six waste treatment

subsystems in their appropriate ECLSS environments. Each of the six waste processes
has five BETS output pages associated with it. The first page is a parametric summary
for the particular waste treatment subsystem. Power, weight, volume, heat rejection,
and subsystem mass balance are calculated for an eight-person crew and printed out on
this page. This information is used in section 2.2 subsystem comparison analysis. The
second page is a logisties summary for the entire ECLSS configuration. The third page is
an ECLSS electrical power summary. The fourth page is a heat load summary sheet for
the ECLSS. The fifth page is an ECLSS mass balance summary. Negative values in the
mass balance columns represent the use or removal of a material by the subsystems
listed on the left side of the page. Positive values represent materials output or
produced by a particular subsystem. Values for solids are not represented in either the
wash or waste water columns.

The outputs from the INCIN system are printed in tables 5.2-1 through 5.

The outputs from the WETOX system are printed in tables 5.2-6 through 10.

The outputs from the SCWO system are printed out in tables 5.2-11 through 15.

The outputs from the VCD system are printed out in tables 5.2-16 through 20.

The outputs from the TIMES system are printed out in tables 5.2-21 through 25.

The outputs from the VPCAR systems are printed out in tables 5.2-26 through 30.

The ECLSS outputs are summarized in section 2.5.

99



This page intentionally left blank

100



OE POOR QUALITY,

ORIGINAL PAGE 18

101

XSVHHOS WALSXSIAS YVOdA *XOV/NOILVYANIORI

giz°1 =83TI08
3LT%9 =3QIAJIG dad1ns
9s€°0 =HN3IDJYLT
32Z°*s =400 SizZ*s =N3HAXD
£58°23 =u2eYy 373% .04 EUL VY =dalg+4 ILSeA
LELT CIYINAIYN M32dude $TvlNTivi J3811034 SafIdalywd
D e L L LR E EL LT PR LT PP AP ~(AYU/&) LIGN d3d Yi¥d adIviY3d 5Svw
R L L b L e e L L L L TP LS RS SR IS RNE S flc K|
'y | 2AEIX4 Yr¥dgd 0L (¥alid
o't 0%ty dX3F 3 T4deds ATadaSad
st 1F [ AL RN 19Lluldns
PR £°F51  y¥e v 3TIu¥ad ToTalgl
vielt 5°Z28071 LIagsJd=u0 C4Yi4
(£13) 440734 (34713 La2in d¢ITEed
AR T A1 T*636 W 3LLTIANAL ]
a Shery 7585 #Tg YdY2 Z°€¢91 301848 Q
3 S%=Cyp 766 slv 4Tu¥d Z°€¢91 3A3I3149I1
dwdl Ciroli GLUELT awad =LV dlvy (5,NL€) 2T5I8KAS =~ 1¢2) LY 4H
vty $5°Cyhut LNATLTE3LNT
vty 3°6stL i[9 A2
[T Q*E5L 3331011
b P (3TLY~) darsd
SestemcermeramnmeeTcee e ae ey 3TLYLS 404 JIEINOEA T = TIY) d33 ¥Iv]

Rt Nl
A3lyw U,y Miw
FaMSnan. Ny vLoTLRd3nds N
AXENIDLM ITY MuTLOadax 24D §rqa

Smeeee mos=a

TD 35 13a

27,7

FHaladafta A

[GCERS

v

[,
taledatiuT gt

(! -

]

D el T Ui ey S

1-T°6 ATdVL

0°9g 2C1SAYed SAYJ L V€ 0271434 XT744:4S TvILTLI
0*ay AGTSL45417 Fou Y SN38a3d3y0

L1340 Eld 0 uTOb LTS 47070k
0°05 Q0Id3g ATddusay 1 SATAd0W

MITLVLS 32Y4S

JJ3 57103 cesme W SLIvddNIDNT -

SEUVEL DgIgEaaang=

L1l

PRECEDING PAGE BLANK NOT FILifzp

T R T«

C43adu3s L2+



ORIGINAL PAGE IS
OE POOR QUALITY

Gl
XIVHHAOS SDIISIDOT SS10d ¥VO4A °*XOV/NOIIVYANIONI Z2-2°G dT9VL
L*6U6 1%l L°24u8 3'vbe [AKTEN vrzeol 0*8ltl $°LTs1T =eewe SIVLIL

[ 4 $°2 [ 1°v8 a‘ty ¥°1T g8t £°5B¢E P =43233¥2 1024 = 3n3I%9AH ¥ HLIYIH B¢
L°0 L 7 €92 £°b (34 [ALA 6711 b 300IX333 1004 = 3INIIOAH % ELTv3d LY
T°0 Vo £€°n 4 Z°1 A" (7R 4 vied I weweccee=N3nd = INIIDAY 3 HIIVAH 9V
6°0 vl ren O3 n*o Y ore urst € 73D 3LS4 4342 = FrIIOXH ° Hilv3dd B
£°0 [ gen it (34 £ 8L VREY2 T ZxQ/4Sgm 310D = InITEOXH % HLOYIn v
£E°0 [3V] R0 v's [ 4 (94 €L vyl i ~a34SyvaSLT « FnILORH  HIYIA Tp
o1 28" L*® [ (A3 [ S04 u°sol 1 A3FJIE3 AZO8 = FHAIOAH 3 HLTYIH 0%
10 [ T°0 %0 e*0 %0 [ ¢ VARTY4 t X145 2ZA 3750 - ANTIOAH ¥ HLIvIH 6E
T°0 15" 6£°0 &%y [ 6°0 £°1 CRE44 T =AT4% J¢H 10H = 3INIIOXH 3 HLIVIH RE
1°0 19 (] $°E 9°C £°0 sz u°s2Z 1 e=ee=HSyw INYH ~ JUIIOLH 3 HLTVY3IH LE
T°0 1°0 s*1 "4 +°1 [} szt 0°u9 1 cecoceasa=ONTHOLINOR ALITVNRD OZH 9FE
G*0 S nee Y] O] Lo £°0 S I 92AH Iv3ale3dIeI$0a GZa 135S320da 9L
c*9 5% ¢ A FREAA P52 utie £°¢€st 5CEGT T eee= NJIL9MAMIONTI = X53a003H GTH  BY
e eLL YR o¢L L*58 A IR Z*91 9*pb3t S =w=JZ7d IN4IDX4d - SISCGnSI HSH3a3d &L
@0 3'0 4 £°0e Sy - 6°t1 STt |} memcecsses=eeiOyd0lS 0ZH ANIIOEA  FL
0 [ LA [l 4 9°€ ot 5°6 FREY S mmmceaa=es -=-39%80108 OZH BSY® 1L
[l ¢ GteT 0°*1 §°62Z 0°Tat 5% 16 L*9} AR ¥4 t w==iY¥3¥le3dda ¥ IOYHLIS JTH 3Ls¥m  OF
0°0 VR ncn 60U G0 vt 00 AN 1 1204 INZalv¢ANI-150d GZH I3SS3D0Hd  SE
752 [T veEL (A} 3°Z 4 9*2 z°u9e [ =e=3Zd4 37aV123 = SISOwSI 35d3A38 €9
0t o [P oce £°507 [ ] 0*0 S°LRIE ST ====X0H3D13w3 =~ IDYHOLIS 0ZH °*1Id 62
Lo L0 Gz 9°vZ 6°61 5°61 t*3e L*e99 }  ~=d307 3333710 = 35vu0LS OCH *ida 8¢
1°0 [S") neo sz 6°2C vl 00 PREA X I se-e-ee=e<QNLNCD I¥NSSIAd HIGYD 92
€°0 £ ren §°0T £t [ [Gd0] LUEY 1 wee==)yi¢i 5344 IR = 3DY40LS TN G2
0°0 C*o oo vy T G0 (PRdN] (O] Jto I =NJTLTS0dWUD4A BHIN = &72d0S ZN e
L LR n°n v'eb £y £°zy cee [AR2121 I ee-==)¥and SSH¥d IH = 32vdDiS Zu 2T
9z ¥'2 57 vty 1°5351 13971 1991 LeiLz [ =*¥L2374 J333 D1IVIS - A7440S ZO 1y
1°0 1oy €0 $%€ £°z (4 LeL (NN I =zIa¥l23d5 SSeW = NUOLINJW d30nIv &1
ey 8%y €Ty ueET R g3 868 €*yLl I =-- =1041In30 INVHINYLy0D) 30w¥a €
3 8°%aS S $°ES R 1 $*ZLe L*o9¢ 3°22s | sesmssemcae=yd3I0p =~ NOILDNAU34 230 T4

v°0 ] 20 ¢ Loyt £°6 £°5 Te1E 40T } =e= messvenmee)d03 = NYAOWTId 204 ¥

0°0 V] G0 IRTA 1°0 [} 00 9°L02 1 =ee=F3¥it]) ALIGIA0OH - SNVY 3 ¥ €

AR Vo cen 1 0'o ito 0*0 8°13¢ L7 em===e=3ILY¥1d3T5D LK3Ind1n03 = ¥H T
8 A [Oh 4 Uty 0°9p71 Al At 0 €L N 1 sme~eewceI¥LMID 4000 = 3NVS 3 XH 0L

0 vty c*n 6°1 s°0 $°0 n*o oS | wemceee==)N11003 4TV = SNYE % XH T
41¥v3 DL di3+95% 4¥a+a3dg S EFL LR RluVa UL dx3+3cS 4y 3+4ds 119380«N0 0,03y LMANGd 0T 80 wAISXAS58HS "IN
raNL3y Xidans3n TYITiNL usxId Nafiudd 11dans3y IVILINI 43X14 SLIun n3LI

(ela) 3aMIDA 17104 (ET) 1#913w 1vi0L
SIYT 6°N5 = JuTd3d ATadafEY CaVy DL = Cor¥ad X1dd4nyg TYILLNMG 210304 1V #3580 NVL 8
£ 399d = TH3aS Taveeds | *UN MUTEVeNIT4N3D 3703 GUTLYLS FoVES MoK

(2L30) = A201y S3IGYeL 94T 3FaMioNE Onliluw sEi50 SR=1,0-L1}




€01

XYVHHAS ¥IM04 TYOIHLOATI SSTIO0F UVOJA “XOV/NOILWYANIONI ¢€-7°S 19Vl

Nty P ORES v*088S L RRTAYA €°Zy6¢C £°208C s=s== SIYLCYL

N0°I%FT u*st n*gl Vo n*o vty b =3323383 4333 - ANTIOAH T HLTv3IR 8%
ateLr uel negi PR H®0 Uty T O2D0GIY¥43d J0J3 = INIIDAK % HLT¢A+ Ly
6°0LE vty u*o Y 90 [PR0] ]  ==wemesaayxdn0 = INIIOAH ? HLTY¢Zk oy
0*e v n°o 2%0 ne0 0°u € 73D JLSw 43T = HANITIOAN % HLTy3w ty
63 (PR n*o ITutE R 00 T Aa0/7HSY4 H11) = INIIDAF 2 HLTyax (44
5°6 v'e n*e PR £4 nen vto 1 e«==d3ASvvnSld « IxZTIDAE % HLT¢3H Tv
n*s1 ] [ "] J*use [VRRY] vy T ==23r3kS AGud =~ MzmHu>r ? 4LTvER Oy
2% [ [Sh1) 90 0eo vy P A1dS 3Zu 374D = INIIOAH ® Hilvidm (13
[O] vest 0°si vty0e 0*0 2°0 I =11d4S CCH IJH = 3NIIDAH % HL1vIH BE
0°¢gy [T [Ph/] 0 004 0*0 2%0 1] ~=-=HSVYM INUH = INSIOAK 9 HIT¢3H LE
0°9 c'ub G*ov PRV 0*0 u*o I ~=ececceasdNIHILINGN AL17¢NY 2Zh 9g
neo i%e ] e 0°0 T DAY IN3Ald33l=I30d4 UZH QASSIDONL 9L
(] vty 3°56y91 °°E5¢L $°bSL } ==e= NOIIUH3NLINI = KRa34003d J7H 89
0970 vu Fa) T*Ce2 [Vl ¥4 5 ==e3Zd INITIIXA - SISONSQO 3Sd3A3n SL
[T vy e P13 [AR¢] (VA 3 eemmca =39vd01S ULZh 3INIIDAR EL
L°agE PR oo PN 00 u'o 3 CE ve=a3LYHE0LS OCH HSYm TL
c*n v n*o JTUE 0%y 0%y I ===l¥3¥iedi¥d 3 FOVH¥OLIS pZd JIsym 0g
LR] $°0 S0 Fa) 0% [ P 1Jd Ia34lv34l=150d 0ZH 33D oHd SE
e*n ) u*o 30 reog A2 P ===0T4 3T78vL0d = SISOwSO 3SaIady €9
t*e ) 6o I'GUi c*0 uu §1 ===«1JN392343 = 3OYH0.S 0ZY *104 62
[ 60 6*o %0 0°90 o I ==dL071 73331 = 3ITYu0LS OZH "10q 8¢
2% UoE (BN PR} c*90 u*e 4 ===« TJ8LYN3D 3JyNSSI¥3 NIyVD 92
ety ") c*o 30 6°g vt 1 J¥3A3d ISH¥d 1M = AV 40LS ZN 74
Nt (V] 5°9 [ A7) [(A] 6o P ==NCUILISJawWdD3Z PHZN = XT4duS 2w ve
NGy vty 0 FAd) c*o 0°v 1 ===-ed¥isd 39344 1H = 35¥au0LS 20 144
n ¥°9Z€S Q°giEs R 9°9g7 8°9g1 1 =°¥13473 3344 DI1vlS = x74d0S Zo 19
il VAR IR} ) n*o o I =8lnduD3dS SSVH = HGLIPOW dSOalv vl
o S v OE A8 2713 2°0 Y09z veoez 1 mm=e=e=734INOD LMNUNIWVINOD 3D¢¥l €7
c s utl 8°9€71 %0 1*9nT 1967 } memescseaeed)$03 - 301150434 20D 17
0 vt 6*0 vto 6592 b*seg } emesecceceeenan)d3 = 9504Fn 20D [2
z [ n*0 20 0Ly UtoLT 1 ====TJdIN]ID XLTJIInNH = SKN¢d 3 ¥XH €
[ PR 0% ] [AR4] e 144 ..--.-..ww:_mnqu.. Lnw3ndINo3 = XH z
¢ uTe [AK] %0 o°¢ Ut S ===TJYLEDD ¥YCGAU = SNed 3 YH (A
5 [V [a] N z°1ze 248 24"} [ ommemmeeea)NLT00) BIY = SNgd % Xh 1
IaT sa €1 LNI SJ 51 PR ACE] LNANUFA0D u0 WmIsXsIns *ON
R L L L LT B SL1NA n3LI

20 o
(Solvim) u2K0a 1¥Tuln313 "VIGL
5LyC 0°ho = "5TaRa AT4dUS4a¥ YSAYS U°u6 = w01N3d X1dans IYILINID 31nJ0& T MIYD hYw 3
Po3%vd = T.Sw Xavwrae 1 SO NOGTEYeP5Tatad 257903 KOTLYLS 30¥dS MHONE
(374d) = AT30ls 53QY8L DuT4TarinHnd 9wIang AREY] GE=L1)0=L]

: »
U 4 i,



ZYVHROS NOIIDALIY IYZH SSTI0d ¥¥OdA “XOV/NOIIVIANIONI ¥-T°S JTdVL

£ frhul v sbeg Q*¥Ifs 9°79€6 o= SIVLDL
L Tpa¢ 218 PRV [P ] w'o T «d3233¥4 L4Dad = 3InJLO0AH T U ¢33k 8%
a*he9i 215 3L 50 vt T 2DUIMa3y UDJd = INAIOAH 2 HL1¢3k Ly
ot vt [AE A2 ] (V] ] eeecesmowyIAD = ENTFIOAH ¥ YL1¢3d 34
00 (a4 VU n*o vou € 13D HLSw udad = INTIOAH I HLTy3H |44
0" PR] 3°3,1¢1 c*0 vy POXAG/ESYM All) = INFIDAH 3 HLIYAH Tv
[s] v'G E*ulud ARV PR} P w==d3ASYMAS1T - INILIO0AH F ULT¢3H 134
nee vy 3°pNE ¢*0 Gy 1 ==¥3#0H3 AJ38 = 3INTIOAH 5 HLTv3H Ov
0°Cu3 VY] 3% 60 e i RT3 324 170D = 3INIIDAH % HLITv3H 13
oo Vo v"L89 [N €°1s b =A1dS OCH IJH = 3n3IDAH 3 HLIv3In 8t
0°0 0°u FREA-2Y G*0 uto T FSYM UNYH = INIIDAH 93 HLI¢3w LE
2°0 uo 20 G°9¢1 S°9¢l 1 meeeee)NIHILINON ALITYND 32k ag
atn [ v'o +°071 Voot 1 9AH LN3alvisl~l30d 0lH ¢35S3INHe oL
6*euZs8 P ghe VUAS6 VL8 AN c ezt 1 ===a NJIL9daNIONI =~ RUZA023HW 32w 9
(O ¢ vt 0°c I €°%5L £°59L § ~==37d4. 3MAIDIH = SISIWSO 3SudaTy S¢L
coe "RV} nto ERE LA 0*0 ute ] erememsmccace=a3yydsIs GIH INITIDARE bL
GG Oty ore 9°58ZT [} vt ] emcwmcccecwesewe3DVY0LS OZH H3YX TL
66 T 00 p"eod [EAR¥) 9*o T ===LlVd¥i-3¥4 3 30VHOIS 074 3L13Y# 0t
9o v ¢*0 PRV L*1 [} T 139 IN3nlv3al~l304 0OCH 3553D23dd SE
c°n vy 0°0 G0 [ A £'pel b} ===0fHd 47dVYLi0d =« SISOnSQ 45S43a3Y £9
0°0 vt 0o t*ibe o*e [V} §1 ====13N304343 = 35Y40LS 0OZH "10q [:34
n*o Ut 50 Vtu 0*0 [VR] I ==4307 U2531D = 3IOVI0LS OIZH "ilg gz
09 v'G nee 2%y AN 4Rt veeotl 1 w=meeaTI¥INDD J4NSS3I¥I NTIV¥D 9z
n*n utu n*o ¢S 00 vto 1 =J4443 59344 IH = 35Vi10LS IN S¢
n°0 ue 90 Lty G°0 uTo 1 ==kJILISI4nJIDAT ¥HZw =~ ATadiS Zk ve
0°0 vty [VAd] [ N0 0*u } =====D3d3hd 353¥4 IH = Iu¥y0LS 20 [44
n*y [ L AR ¢ Teavsit PR 8*L09 5°L03 T ="HuD3dTi 3344 DILVLIS = ATuadaS ZU 19
o0 v 0*o § 26t 60 VAR 1 ~dladlDZd5 SSuW = dOIINQW 45041V [
o PRV nee PRV T*10¢C (R4S I m=eeee=i3dIla0) LMYNINGIn0D 229M1 €1
! PT169 1°Tpe L*¢ovd cezezl utedt 1 ~eremscmee==43303s - HMOILDMI31 IO 17

vET9l vtfial 'y f.mgm t*uiy | eesesemececessew (0 = NAON3Y 200 4

FREYAT] S°%LGs 3%y “peg- 41 bo==e=TIHLN D) ALIJTnGOH = shyld 5 Y4 3

v G6*0 u.c ﬁ.o PR} [24 ====33Lv 140730 InInd1Ny3 = YH [4

[VAY] 00 FRdT) 0°0 vt 1 TUYLNCD H0AQ - gMYd 3 XH 0L

eTetLil 6°ZrLL 2°0 62082 634082 i ONLTU0) Iy = sHvd ¥ XH 1

sQ €1 LI €1 31 d.034d IN3INDdADD 840 WELSFSANS *du
Seeeestacarecsensacsecmcase R i DL D DL Db SLIKN n3LI

aTnol1 ALY
Ca4/0L%) 3907 IvIaH aTeI343S Tulll
SE0 Hfo = uTx3a ATE34Sa¥ TAYI 0008 = WNiPId XT1d4an3 UMILINM 31NJ40a 1 M3¥D NYw 3
Z 49vd = 73345 TavaduS T St NUTw¥aP)dT4N3D 83723 raTLvaS d35v¥als 1onl

(373%5) =« ATals SACvel 93T1434010NE DuT304d £€3160 ca=130=L1




111

XYVWHOS FONVIVE SSVYH SSTO3 ¥¥OdA “XOV/NOIIVHANIONI §-¢°G ATHVL

99L°%e= 00U GuG*D Lfp Tt 0ugd*to d 000°90 bt STvIJl
000°0 ooy ouotn [V IViD | (VI RY] = 6i10°c~ CRNRE nuntn == (JATLY1I0XND) ZHVYITY «ILSAS40S
00C°* 0 [/ aae} I [FTXVRd] cvo*o 3 000°0 [FIC ] 0uo*o T =43233¥4 3003 = ZNFLIOAM 9 HiLMv3dd 8P
, oLeo GCutv nyec*o unuo [T R J oyon*o 0000 000°0 I 3901¥43y 40ud = 3InZ121Y 9 HLIv3IH LY
0y0°*0 GGu'v 200°0 bty cuc*o J 000°0C 0030°0 [ Yo Rals] [ essemavcey3ad = INILOAH ® HLIV3IH Op
060°0 uhuto nj0etn GNe* o tuo’o b 000*0 000°Y o0ud*o €  T0D 3ALSw H3ad - INIIOERH I HiTvId b
, 066°0 UNuty 0300 00v‘*o agntn e} (VIS R] (1 ] 00%°2 I ZdG/HSYM alld = InIFIOAF % HL1v3I4 29
0uec*o SO0y nyo*o unGy 0o b} 000°*0 06u®V ouon‘*o ] ===d3HO¢MASIT - ANTIOAY 9 HLIYIH 19
du6°0 whu® ngr*o 0ou*y ngosn N} 0yo*n nouty 000°0 [ ==¥ar3H3 Alul8 = ZRF1IOAY % HiTv3n  oOF
nge*o uouty Ng0*0 G0G Yy 0g0°¢C 3 ago*o 0co*y 009°%90 t R1dS 324 2702 = 3uILOAH % HLIY3a €6F
000°0 G000 ngo*n 000°%y 000 3 000"0C 0002 0vo*o T =XA7dS 2CH IOH = 3IKIIDAH 9 YLMvIn 8¢
0000 7] X s} 0uo‘o [FA/ ] cuo*o 4] 0g0*0 o060tV ngo*o } e==cHSYW JNYH =~ 3INJIORH ¥ HLIvIA LE
000°0 0ou'Y Ju0°*0 unoutu 6on°*C 2 concto 000w 0005°0 1 mmemenwedNI40LIN0w XLITUND 074 9E
2B noG*o 1 IV [JIVE A vos'u 06u0*o J Ho0°Q uhy e [T I OAH INIalUuPHIIS30d 0ZH 433930084 G¢
e~ e 0u0°*0 L53°%y%=  yntn £€S5°C9 Guo®to J &§22°S JEE "V [ AT I me== KOILUH3NIDNI = X33a3034d 0Zd €9
[<3)] PEOCHLE S0P T ey ELE=- CNOU*D 0u0*0 J cyo*r woot v 000°¢C 5 +*==3ZH 3M2IDR4 =~ SISNKSS 4€43a34 SL
.n.o m H00°0 wouty 2005 PRIV R] cuc*o 3 0o0*C w00V nuo*o [ sesereceaccas3iDyduls 074 ANIIODZIn  FL
«! = 396°9 oo G0G0 ud0°®d (VIR 9 ¢G0°0 ubd* v ovo*o ] mesccscmecencen=IHYa0LS OCH HSYM TL
[« r 5000 uou Ty fyo*to vOu' G cuo*0 0 6000 0000 ouo*n I ===lV¥3¥leddd 3 A9Y¢¥0I§ 2ZH 3ISYm OE
= ngo*oe L0 40°0 Lou®u [ DR] J 0Q0°® Vop*Y 000°0 1 I3d INFAXIU3alelS0d QZ 235S300¥8 SE
Mm e 000°n 142V TR oTg’yd 0o20 p] coote 000°v 0uo*o I we=3CH 3Ta¥Ldd - SISC,S3 3S43A38 €9
— ﬁu 000°0 c tuc®o uno®y Coo*c < cyd*C gooty custo 97 ~===XON3D83nd = ZFLYECIS ICH *ildda 6¢
.\h mu 00C¢°0 g 060 ULt Gud*o0 b} Cuo*o wbo*v GCo0*n 1 =«dd07 1350710 = 3LVHCLS J¢H *10d 82
v & 000°0 v 00Nt vhoty ¢36°0 9 [T wou* 0 ou0*0 I =eecsccew=0MLH0D FufigSidd NIa¥d 6
noec*o J 900°0 vhoto €anco el cud* e 000" 0 0000 ] ==ee=)¥iwi S93¥d IH = FHvyl1s TN GZ
m E ove*n v auc*n uby*e conSt0 0 0gatoe 900°2 nun*o 1 ==«MITLIS04KED3d bHIr = ATdd]S Zih B2
QQ 00p0°0 v Qunto PLIVAY fud*0 6] 000°¢C 509°Y 0U0%0 ] ====~e3diwd §S3¥4 IH = 3IY33LS ZJ 22
200°0 0 5u9°0 ’ Zf= Cu0*0 £ 600°C 9400°0 si1°62 I ="uld373 4343 DILVIS - ATad]S Z0 19
nuo°o < N02°n G oee*o ] coo*n 000°0 o0un*o 1 =4LlA¥ID3dS SSYW = HOIIMNJIW ds5OwiIv ¢71
0uG*0 v 0nyn°o G apnco 0 (VIR uGat Y ouo*o 3 ~e=T0dLNJD LEWNIwWVI DD HDvHL €1
Ju0*0 ¥} nyoty el Guli®y (A EGB°TC=  (L0UtY L XV ] 1 .- =H23804 = uRI11,0338 200 17
Qutto ¥ 5960 S ST .1 I ICUREY LD 6~ I rerrrcvemcamcenldd = 3940434 23D %
Gyuto ) ngeTe < “1g- 2 0000 00G*0 200°0 1 =w=eT¥LNJD RLIQIvfh = 3N¢d % XH €
00C"0C b fyece v conco g npo*o 000u°Y 0un*o CZ m=w=ea=3FLY143000 Ln3xdLlNO3d = Xd
noe*o [ 4000 wbo'o (WX A s00%) 0600 GOV ouo’o 1 =ese=ce=TJNINID N0OC « SKvd 9 XH 0L
090°0 LEotu IR} veuto 0us°0 w00 0p0°0 000 GuQlo I =e==ceaa=)NITI00 §IV - SHVL ¥ Xn T
0Ue°*NFE= LAL"SE NEP ELE  ORO'PC- COZ" TP NN Gu9°L} L8g* G~ £Lepl- semecemcesal3TIdIW INV HAHND DISYd
29IX04T U,024 LNaN3da0d 40 WIISKSENS *ON
FAFIORH FLl3ve Sg» F139¢Lod 3I1ven2a352 NIOUYIXA  HOTFHYI  NIDIDULIN  M3DAXOU S1Ihn n3Ll
(X</747) aBi¥» 404 HdL¥1Yd SSuA (AQ/7371) S3ISSVY 02 3IaVIV¥d SSUN
SKYT 006 = 10TdFa ATaduS4aY  ‘SAYT L°u6 = UNIuid F1ddhs iVITLNI FINI0A T A3UD wh B
poa™7d4 = L33nS latae,S T SUN NOTLVENyTANID S3TU3 NUTLVLS 30vd4S #ong
(314 = AMls s3IAvEl 9:I43a1I943 941404 pEiRY GE=1,0=L1]




901

XIYWHNS WIISXSIOS ¥VOdA “XOV/NOILVAIXO LaM

| 1837 STIVIHEIYN

D e R L L L LT T T P

Z°s
(Y

1°807%
3°0
€56

(€Ld) ddnuTOA

v'o
4 SteCv §°poyZ
4 Sb=0C¢ S°p0u?
atidl inuIl JIndi

Inlyn
Eyly» HSYH
FL¥SK3aAr00 MOTLYE3
A¥IASDA¥ OZH »014dn12

SROILINNA gD07 AaSul

YT P Y P R Y P L LR L L]

XLi# L enC | S

yIg NIa¥D
Iy WTu¥d

FLERER-28 -4

w3y <0
34 22D

J %8123

UM RSTLYAN3T4MID 98703

(3147)

9-7° S A'1dYL
1Y AN =¢1Tiss
8L1%0 =dQIx0IC 4ndins
35€°0 =439 40T
8¢C°S =230 SiZ*s =NISXXD
£58°23 =y3e¥s 3Tga¥LDQ guL*yy =daly» FLSyM

33410048 SUViIdALyw

asEdNnAa0da STyluFLYW

emmemmencmceacnema (AYU/ET) LInN H3d YIVI 3DxY1V¥a 3ITVNW

U I SIS e L L EL L S € DA E. o T N ST

[AN2Y4 HIdg¢a Ol Nd0ldy
g*ay dx3 3 S4dvdd KTdduSdd
E*apey T913laN3
9°ZL1  dX3 ¥ $34¥dS TYILIAT
L*selt LT3d3=-n0 03X13
{367) I49I3m J4071Kkva
c*o LNALLIWHALINT
9°LOSY A0ISAYYa
LA VIR IY4ISZHDIT
uTy (3,Ni8) 4TITSNAS = Jy01 LYEH
0°0 LHITLIHATRT
1°€521 40I9%M¢Q
1°€321 331214917
oV (51LL¥~) ¥3mQd

JTLYLS 404 J34Inu3a b = LING 433 vIvd

KI% 0°0g JOISA¥VD SA¥2 u*06 02Ia3d ATadas TwILInl
MIW 0°0g 3¢IS1A9IT o 8 SNO¥44duFu)

11940 €14 oulup 3215 3100
$170 0°ng  JoTadd ATddusay i $4120GwW

NUTALYLS 30¥dS

= A%als sAcvyel 9,T3334iduZ D.140d

W3lsxsaas

NyLsx33ns

H313K5318

o nmmmencmmmaca e r et m e et e e ettt RSt sn st ceaaneceansacnancanwf 7T VIISSIA

ceweNGILYJIIXO L3dw = X43A00%¢ 074 S3

gvisy

GEH IS

PA

i

N

£ FOOR QUALITY

- L.
. T A

(N
LY




XYVYWHOS SOILSIODOT SSI0F YWOdA “XOV/NOILVAIXO I3dM L-Z°§ IT9VL

6°°u6 £ 6063 c*s P E8CT FULETY 8° 01T} == STvI3L
4 5%¢ L] 9°11 %1t AT £°SR¢E T =g323343 J004 = Ix3L9H 3 HITV3d 8¢
L*: [ (4 [ £ [AR-29 b 1%l Vo ADA1¥434 4004 = 3InIIOAH T HLIVIH Ly
1°0 19 [} §%¢ z°1 A1 {8 otud [ mewemaec=i3Ad = 34TI0AH % HLOVIn OF
(] YR} [} 0°€ (") UG G*0 CA% 2 € 70D JLS% 23InT = InIIOXE 9 HuI¥IAH b
[ ] £°0 g*0 [} £°Z g'e 8L 0%si I Xad/HSYM 411D = 3INZIOAY ¥ HLIVIH 2Zv
£°0 £°0 2'0 vy (4 (4 5L vtal } =e=u3HSYMaSLlT = INILIOAY 9 BLTIYIH Ty
[ Vel Ly L'LY z°¢ [ s*ol PRE-ToRY b ==d3M2O¥3s AJUB = 2wIIOAH % HLTYIH  Op
| T°0 Vo 1°0 §°0 8°0 3% €1 vl §  X1dS 2Zd4 170D = IuIIDZH 9 HLIVAH  6E
i 1°0 1°0 €0 8°0 6°0 %0 €1 8°22Z T =A7dS 3ZH LUH = INEIOZY ? ALIVIH 8E
1°0 1*¢ £°0 S'E 8°0 5°0 s*z v*szZ ] me==H3yM INYH = ANIIOZH % HLIvIn LE
1°0 v S°1 vtr [ 4 v %44 [T ] [ mmwceceseedNI40LTN0N ALITIVAY OZH 9E
0 A 0°0 N 2°0 [P [} £°0 €40 51 I DAH IN3ALV3IdL-L3N0d 0Zy 333540084 9L
L z°s [ £°6 £°66 z*cs? L] 9*zLl L°52z1 I ===eaNOTLYJIIXO 134 = X53A0034 OZH 69
g1 B*BLL o sle §°0ZL L*68 [N 2791 Z°314 9°vb9l S ~=32d INITIDAH = SISO482 3IS¥3A3a  §L
{h o 3°0 3¢ a°z g*u 4 14 6°%1 A | swccmcesnswee3ddydOLY 024 INATIHXH  bL
- = $°0 ] veT SET 0°€ G'€ 6°6 v66 [ eecescevencnecvendHYa0LS OCH HEWM  TL
, o jo) S°El 3'st 0"t §°62Z 0197 5°16 L9t AR £4 I ===i¥adl-3dd 3 30vHOLS 2Zd4 aIS¥s o€
) n°o ) c*o 0o 0°0 0°0 00 [AdY] T 13d LNIAIVIAL-L130d (GZH 123$S3D08d  G¢
| ped] 1°82 1°52 L2 A [A] 9z $*z 32z [ARL: 14 I ===)ZH 37d¥L0d =~ SISOwSI 3S33n2d €9
< e} 00 2°¢C [ €°101 0°0 v 0 n*y §°L8lE ST ==e=0N3943d3 = IOYSNLS OZH *I1dd 62
m % Lo Loy sz $°ve 6°61 5%¢T ¥°99 L°€93 I =«d301 335013 =~ 3D¥d0u.S OC¢H "l3d 82
! g 1°0 1°0 [ s°¢ 6°Z %2 0*0 EREA D I ee—mceecee=(ULNDD JoiigSI¥G 4IuVD 9T
G e £€°0 £y a°n s oL [ 34 £ 0°*0 LUEYT ] ee===9¥343 $93¥4 IH = H9¥A0LS ZN G2
m E G°0 0ty 0o [PR] 0n°o 'R} 0*o 03 . I ==n3dTLISD3w0D33 N = ATd4dnS ZN  ¥2Z ,
o) gz 3¢ 00 vVE [ 44 A4 600 pritel 1 ~====3Y3Wid $34¥d [H - 3dv4315§ ZO T¢
T 9z 9°ez ez ) 1°331 1°397 1°997 LiLe i =*d412374 3332 J01&vls - x74d08 Z5 19
; 1°0 %0 €0 s°¢ £z (4 LeL o LL } =4IAdLD33d3 S9dW = MBOIINIW dS5S0wle #1
£°Y s°p g% ¢3¢y §°88 L 8*es €°9L1 ] memseaaidxLluf) INYHIWNYIJO0D 3OvHL €1
€064 5*58 §°Ss S°ES $°135 seLe Lr09¢ 3°2Zs ] sesmcceecesal)d30g = n0O1LONru3d 232 1T
b0 [ s°1 L'vl £°6 £%0 T°1¢ g*0TE T ewwrcccesemveewddd = qYA0W34 220 b
c*o A} neo L*SL 1°n 1°0 0°0 9°L0¢ T ====TJ¥LND) TLTIIANH = 34¢d ® Xd € :
0°9 00 n°o U 0°0 [P} 0°0 g*ige 2% ==~e====33LYT4UT3D Ln3wdINVI = XH T i
(] 8 0°% (Al 4 0*9yT (1A G*EL i0°08 I mee==eeadIYLN]D 400U - SNV T XH OL
0°0 %0 0°0 6°1 o} 5°C 0*0 reys 1 sesccass=)NITII) &IV - SM¢d % XA T
Aluvd Gl Ax3+24% d¥3+ads Li8aN=H) HId¥3 31 dx3+uds dX3+44ds LIBd0=ND 0,03y LEAN0340D 43 W3LsX380S "o
NEfil3y k1ddngId IYIIlNL FEFO£] Huni3y X1ddns3d IVILLINI J3XI4 SIitin W3LI
(E14) 3af10A TYLDL (27) IHHI34 1YLOL

SX¢d %0 = TUTa3d ATaduSud ‘TEIMI 006
- -

€ 3534 = LaduS lavwhW3

= Jd0IH3d X1ddns IYILINI 31304 v M3IAND NYa 3
1 SON MOILYaN)TANDD €377 WOILYLS HovaS XLIm

(3738) = A00I§ s530¥el 9,I4F4NLONT DuT4Na this0 GR=132=L1




8CI

IYVWHOS ¥aMOd TYOTHIDATE SSTI0d dW¥OdA ~XOV/NOIIVAIXO IIM 8-Z°S ITdVL

0 v°084S ¥*08R3 Z°S5ET £°95¢€¢t £°96¢€ weema 9YLOL
4] U sT 0*'stT NRY] 0*0 1 =d4323344 1033 - 198 % YiTy3d :34
G G°st (AR 3¢ G*0 T 39QI¥43s 1043 - TLOAH 3 HLT¢3d Ly
o ([ u*o At 90 ] ececwsmceecyIAT = AXILDAH 3 HLTv3IH 9% =]
0 vto 60 ] 0°0 € 173D 3iSx» uFa3 = ANIIDAH I HLTvIH b .
0 VU i} Jtuve [ U 1 RuQ/H3YA 41123 = INIIOAH ¥ HLIvIH (44 -
G [VA] v*o 2°0re c*o0 0 T ===33dSYMdSL0 = IKFIOAH 3 HLily3dd Ty R4
[ ¢*e ot VI Y4 [} U } ==¥34JHS AU33 = 3INIIDAH % BLTyIH Ov B
[ 00 0'o 3°0 neo [ I X148 JZH 1730 = 3KF1SAH % HITY3H 6€ -
0 g°st 0°si 3%002 0°0 v T =X7dS OZH 134 = INIIDAH ¥ HLTIY3IH BE —
[ [PR] 00 FRRI 6*0 0 }  e==wHSY4 INTH « INFIOAH % HITy3H LE nm
¢ 0°0Y "R 30 n*o v [ =emececwe=d{IadLINDA RLIT¢ND JTH 9¢ s}
0 1°¢ 1°¢ Jtu 0*0 [V 1 DAH IN3ALv331=1304 0Zn Q23532344 9L b
)] [PRY] 0*c ) Tegy21 i I ====NITLYIIXD Li3¥ = Xu3A0034 IZH 539 s
0 [P (A1) PR 1°0¢€2 § § ===37H 394I2TH - SISOnSD 3543A3d SL A
2 oty ¢*o I°uE 6*0 vy [ wemmerocewweeidyd0ls LZH ANETDEH be
L 0o ('] 2°¢02 60 u*o | meceas ememaa=IDYUILS OZH HIVM TL
0 0°¢ 00 stue c*0 0%y | we=ly3¥ie-3¥3d % 3IO¥HOLS 0OCZ4 JISYM 0€
0 S*0 S°0 %0 0*0 V] I 1Jd INIAIv3dI-L130d OZH @ISS300ud S¢g
0 ¢°0 0°0 2°0 t°9¢ (13 1 ~==0Z4 373YLOd = SISIwSO 3S43a34 €9
0 (] o 90T 50 0%y §1 ====JON3Da3a3 = IOY4OiLS OZH *104 X4
0 [T} 6*0 a'u 0°0 vo I ==d4007 335010 = 3LVHOLS OZIH °10d 8z
0 0°UE 0°0¢g V] 0*o PV | ==eee=swea]JdLM3D 34035384 NIGVD EX4
¢ utu G*0 2°0 0*0 [PR] [ ~====)¥3W3 3SH¥4 IH = 3IOVA0LS Z4 114
0 ¢tu cre [Ag] 0°0 v 1 ==N0OILIS33WID3d brla = 113405 Zu | X4
4 AT 6°0 V0 [ vty ] =eee=d¥343 3834 LH = 3DVI0LS TO (44
o ET4 % a*9¢es J'u R ¢ 9°961 7 ="¥1D373 3344 JILYIS = £7ad0s 2O 19
o V0 0°ec VU n*o 00 I =dLW¥LD3dS SSvw = MOLINQOW d30AlY bi
0 S*VCE S*ruE 3% brous | VLT } eemae=ej33Ixd) LNVHIAVIRNOD 30VHL [}
< 80 30 19671 1961 ] memswsewse=q4)$504 - OILONI3d 20D 11
5 2°0 6°632 6°49¢ I ~escsmcececw=a=e)lld = I¥ASq3d 20D ¥
o %0 e*9Lt vreLtl I ====TJ¥LNDD ZLTJIndH = SNvd % Xd 3
) Uty Ge0n [VR?! LT =e=ee=w3qLY 1dUTID Ln3wudinoid = Xd 4

) G0 [P ] =e=e===<J¥LNOD 3000 - gN¢d 3 XH oL

3°0 L°119 Liits 1 wwwme=e=a)YiT000 dly = gN¢d 3 Xi T

INT g1 st a.03d LN28Od 40D a0 W3LSAS3S *an

L R T P L sIina ) w3ul

¢
(Silv*) d3a04 TYITalD313 TVIGL
$ivQ C°fo = 13Tu3d A'TagiC3¥  ‘SA¥Y 3°yé6 = uNI¥3d X1dans IYILING JINA3a b MIMD utn 3§
I 20vd = L43n% Zevaiis | SO MOTLY N5 T4NID . S370F NUTLYLS 30vdS XL3a

(STaR) « A20Is 34AYaL 2 ,iTudidN1D.F 2:T404 tPi60 S2=1J)2=L1]

©E EOOR QUALITY




601

XIVWHAS NOILOILAY IVIH SSTOF YYOJA °XOV/NOIIVAIXO I3M 6-2-§ 1YL

” L°neZyt s CEolt 8*ZLELE 5°5Zst] £°9125 €E°91Z6 -~ S1Vi0i

2] W..n L*Tyop FARE z*ts LR 00 0o I ey3Z33¥4 3033 ~ TIIOAH ¥ HLT¢3H gy
@ = R F2- A 2*1s v 50 vty ¥ 3201843y 31033 = I1OAH 3 H11¢3d Ly
g | ¢c*e g 0*0 $°9Tvl 2°0 oo I eeecceewo\N3IN0 ~ 3x3IDAK T HLTvin 9y
M < eon o n*0 o'e G*o v € 130 3LSH 4343 = IwTi0AA 3 HLly¢3y vy
a jn) L) 0°0 6*0 912t neo 0'o I X&d/HSYM 411D = 3IwF10aH 9 HIT¢3H Zv
c 0°2 vt GG grulue ¢ 'y 1 ==cd43dSyv43I0 = IvII0AH ® Hily3H 1e
o°n VA v*0 a*pus 000 0°v T ==N3MIHS AJJE ~ F4TINAH T HLIy3H 0¢

M.w o necyo U 0°0 2'0 60 vty [ X1dS 3Zd 373D = 353194H 9 BLTIV3H 5¢
= O 50 v'o 0°0 3ezey AR AR 1 =ATdS OZH LJH = InIFIDAH ¥ HLIv3A 8€
=Ko c*o 0°0 0°0 §*z6¢ 00 u'o T ===«H3Y¥w INUH = INTIDAH 3 HLTY3H LE
Q0 A 0°0 0°0 5°Q v*0 S°9¢T AT 1 m=smcmceccedNTJILINON ALITYNG 2ZH 9¢
m i 60 vt e*o Yt ve0t AN 1 9AH Ia3nlv34l-1504 0ZH @I3$3D)Md 9L
C O n*o 'y 062 S*ry8e 0% “rLyst Y*L0GT T =~=eNJILYIIX] 13w = X4350034 324 s9
5o G*u 0'0 SR €551 £°58L § ==<3ZH 3Y31I4H = SISOwSQ 2S43ATY SL

o°n vty 9%0 S°ESHT 50 Uty T semscemaceesnidgy2lS OZh INIIAH pL

nee 0w 0°0 3°5827 [ G*u 1 meemrcucsenaeaISYY0LS NZH HOVM 1L

06°0 () u*o v 20t c*o vt o 1 ~-=lV3di-3dd 3 39uN0LS 0Z4. dLSVH 0E |

0°0 0o 00 Jtu [ L1 i I13d IN3al¢dnl=130d4 OCZH 335310344 St

¢*0 oo 6*0 20 IR A [AEZA 1 =324 27avL0d ~ SISONSC 3S43a3y €9

[¢2as] v'o %0 g*ibe 00 vty St ==%J4294343 = IFIY40LS az4 *i0d 62

(] o 0°0 2%u a0 v §  ==d2371 333010 - 3IDY43.iS OZH *i04 82

9°0 vty 00 2°0 [ XX 4D IAEA) [ =escmcsmeencTlduNId FuNSS3¥d 41d¥D 92

n*o vt o 2°0 z°1s 50 [YR0) T =+====2Y3W3d $3344 IH = I9Y40LiS TN s

6°0 Ve 0*0 Lo G*0 vt b ==HOTLIS24wJD3T tAZu = AT3duS N tz

| 0°n U 6o z2*1s G'0 0*u I =e=eeDy3Wi 593493 IH - 3A9Y40LS 2O ze
c*e 1°absly TepsLt 5% 24199 B°LOY T =*N¥1)373 1312 J11I¢IS = AT44n0S Z0 19

[PR] u'u L] 5°Z6¢ 0°0 [VRa] 1 =4IlWY¥LD343 SSY4 = HULINQW d8Sdxlv b1

G0 G0 ¢*n 4t T°t022 11022 P cee==T341430 LHYHIAYINOD 2D¢HL €1

0*o 1°169 T°150 Lzony 0°ZET AR ANA 1 meeemewendlsds = J4IIL1DNI3H Z0OD 11

nre pretTeT R e P 5648 v'Lds I remesceacccmece) T3 = I¥AD4Fd 20D -4

90 S°8LS3 S°ELSE R A FA UtyZy= I me=eTJ¥LI¥ID ALIQInfAd = SHyd I Xd £

nen 0ty 6*0 vty vt ZZ =e=====33L¥1dd720 ININdINS3 = XH z

5°0 Uto neo vt vto b meme=-mec134iM0) H3QJ = sHYd ¥ XM oL

S ribyL L*46SZT L*b6STT Ve g€roLee b oeememeeaadN1T00) uIv = SHYS ¥ XH 1

Tl 3q g1 iRl 81 a.,03d LANAJIINTD 4D WIELIXSEnS el
bttt bl b Lot Dbl L i mrerseenton i e slinn w3LI

arncin ¥iY
(aH/0LE) I¥DT Lvdm 7aISNES TNIJL |
131 Mo = P3luZa AT4418aM PORVYY U006 = Nw[¥4d Xidans IVILINI 31013 b 33D u¥a 3
¢ alyd = Lafnd Xaquwi3 T TN WOTLTgITAMUD 33703 HITLYLS 3F0vad XLda
(51393 =« AJGIs s3Gvel 9,T93371943 S.TaNd £5490 SE=103=L}




XIVHNAS FONV'IVE SSYH SSTIOd ¥VWOdA °“XOV/NOIIVAIXO I13M 01-ZT°S FTIVL

QI1
4eL*9E=  U0Q v TR LE6"ZY peo*o FREA] 000°0
noG*o 00" g 2G0°*3 WOyt y 00°9 [4 610°0"
000y Cou*u 2u0°9 T VRTS nguto 200°2 ceoto
nYoto [} 0¢n°0 ubu*o cue*o 200°%0 Cu0°0
0p0°0 PN 02u0°0 uNo* Y npo0°0n 300°9 0poto
500°9 Lout e ngn*n C00* D ce0to L] 0coc
0uon*Y [T agnto cout 0¢o0°0 600"y 0nvo*a
noo*a Cou°o Jonco GOty [ ] 006°2 000°0
006°0 Loue tud*o ubuo 0poto 9050 0un*n
000°0 [T RE] G0N0 6noty 000°0 2000 0go°cC
000°0 600°0 J200°0 600y 000°0 006" 0 000°0
020°0 uno®o cun*o veu*o con*o 000°90 0w0*0
0p0*0 Go0o°¢ ng0°*0 v00°0 0unto 000°2 000°0
ngeto une'o 9400 6ouU*o 0uo* o w00 o ogo*to
fuc*e 0EY 0= nyncg [ RA] cue*o von®d 8zZ°¢
PECCBLUE 0P ST QFECELE= LOU'Y 0u30°0 w000 0po*o
0000 V0t 060°0C [ TR 0000 MR 0pL*o
0060 [FTINT nyeco ubu* 0 030°0 30079 000°0
000 Co0°y 0p0°o ueote co0°0 620"y 000°0
[ A] [y oge*n vbo®o (00°0 FLIY 000°0
LT Ad] VRO®E 0u6*o 91 €Y 0u0*0 Uop®d 030°0
aucto voC*d 0uG*o wou*o [T R] 300°0 tuote
0000 IV 0000 ubu*y 000°0 uooTo ¢poto
nyo*o 0 guc*o 00y €o0°0 0oty 600°0
aue*o wou‘o opoce [FEJIRRY Vw0 o 300 600°0
ope:*o GO0 U fpoco VoGO 0yst 0 1900 0p0°n
06a°0 0oLT Y 0un*e udy'y n0o*o w0yt 0g0*e
WINTARI] vooTy 0ucty S6L°ZE~-  GUNTD 5€3°¢E conto
0OC* 0 000 000N vouy [P L] unyty 000*0
ngo°e 660t ogn*n voyutu PIVE R Inpto 000°0
n60°0 Cou" o cgo°n 2943l Gu0°0 VL3 z- 608°C¢
[T ] wouty oue*s uha*Y ouzect FEIRA 0000
00N i ouc*e GOu°y (3 AN ST ungtd 0uo*o
00¢*0 8G0°¢ W00 0 AR 000°0 cunto
066°0 0p0*n [ IV R] ngote 0902 000°0
060 voo° ngpeco [ TRE] 000°0 000*Q 0v0°0
008°0pE= 09T 4t Opb ECLE  (Ku®pS~ 0OUT TP ¥/N ovocL}
33IX04a
INIIDAH  3I3YM HEVY“ FEgylud IIvSN3IGNDD NZOONIXH NOPEVY
(RJ/7@7) 33L%w 404 EDNYIYE SEoK

SAYN 0°Cb =

f 40vd

20Tu3d ATadacay

(51349)

000V 000°0
510°%)e ovoro
[ oveg*o
000 0vo*o
00g°0 cou®o
PRI 000°0
003ty ogotn
J0o* Y a60°0
D06y o000
20Ut 0 ngo*o
v00°* 9 cue®o
0000 0900
neeto 0ue*oy
000"y 0000
I6E° Y SiZ°G=
uone* o ueoto
oot Y 900°0Q
2043V guo®o
64D [ IVA]
w000 [ XY ]
302°0 ountQ
000 Quo*o
wou®tv oty
200° 0 ¢oo0®o
wCd®d auG*o
960°V ovnto
200° Y 000°n
000t SiT*6C
who" nuotn
000"V (U
[T N [SIVI ]
v00°*Y L9C 6=
000°0 0006°0
009 0v0°*0
000°2 0600
w00V 00929
LBE" O~ £E3° 1~
NIDJ4LIn  N3DAYD

(A1/781) S3SSYY wd4 304V I¥Yd SSYU

‘a1 utu6 =
= L33aS RaV¥awus 1 5

uQLIH4d X ldang

AYILLrL

—mes- deHMH

q—i-—:(\l—l"wﬂv—!ﬂv—‘vv-twﬁll‘:viﬂﬂ«—-'lﬂv—n-—lrlﬂﬂ—enﬁ—'ﬂ-—qﬂm

™~

G,03u
slitn

=== {(2ATLVINKNDI) 3SVYITN AZLSKASENS
=~3323384 J0ud = ZRIIOXH % HLTY3IH
3DC1¥434 JOU2 = An3LOXH ¥ HLTV3A
mewsmwenewy3fd = FHIIOAH 3 HLIIVIH
15D 31S+w 33x3 = 3INIIOAH % HLTv3H
RaC/HSum L1 « 3Ju3IIOAF 9 HLAv3H
me=ddqSu#d51d = INZIOAH 9 YLTYIH
==33M24H3 AZ29 = 3nNZL1O0AY 9 HLTV3IA
R1dS 2Z4. 1700 = 3NIALDAH 3 HLUIVIH
=AT4S DCH 1a4 ~« 3INIIOAH 3 HITv3H
=we=HSyM INUH = 3INFIOKH % HIAVY3IH

“meve==9NI4OLINIk ALLTYND OZH
9AH INTWlvIaleI50d OTE 238SHD0Y¥d
=NOTWYIIXD 134 = Au3n0034 0Zd
~==3ZH dMaI9k4 = SISGxSD ISPy
mecememcee-iOYHULS OZ4 INIIDAH
cescmemcescccc--35YH0LS OZH HSYM
secLV3¥les¥d 3 39vduls 3Z4 3ISVM
10d IN3Ale¢321-150d UZH 33SS3D0¥d
-==3ZH 316V1J4 - SISOwS] 3S543A34
====13¥3933n7 - 3HY40LS O¢H “Ldd
-~dJ07 335071 - 39Y&0LS 0ZH "12d
--10¥iN3) FdfgSIdd NIEYD
emw==5¥3wd 5§a¥d 1H = FIV4ILS Zn
~=NITLIS2dW0D4G ¥nZN = RTddaS Za
ce-=-5¥3ri §T3d4 IH = IIVHILS 2
~°¥13373 33ad DIL¥lS - AT4das 29
~dLaBLD4d3 SS¢W = HUIININ d30aLV
wememme{03In3) LHYHIRYIN0D 3DVNL
meeccesemsey)308 - NOILONATY 2ID
= ¥A0W3d 20D
~em=T3¥LNID XLTQINAH - SNvd ¥ XH
-====33L¥T41TID Lu3ndInd3d - XHd
=7J¥LNDD HOAO - 3¥V¥d % Xd
-===3N17330 HIV = SNYd 3 ¥H
--==271G0W ONY MI¥D DISYd
LM3ANUENO0D ¥O Y3ISKSENS

O e Ts I

3IN404 & M3dD NYN 3

ot MOTLYENIT 435 -98T0T NUTLYLS 3DvaS Yiiwm

Aduly S3gvul

ONI4FANiONE 9uI30H

£EPisd

[:34
Ly
oy
144
[44
Te
(154

;13
LE
9t
9L
Sy
SL
tL
TL
0€
SE
[ 3]
6¢
ez
kX4
T4
ve
[44
19
b1
€1
13

0¢

*3n
WLl

GB=123=L1




E IS

ORIGINAL PAG

OF POOR QUALITY]

1481

IYVWHOS WALSZSENS NOILVAIXO HAIVM ‘IVDILIYOHE40S

T-2°§ 319V

§1z°7 =$1Ii03
RLT*D =3GIX01a ¥331s8
X3 ] =MEOI4LIN
azZ*s =292 Ssiz*s =3ukXI
£358°2¢3 =§3eVy 3T4YL0a [T 2] Sdilyw JLSg¥
1837 SIvIiddluw A301Q0%a $T4TuTavw G33TND3¥ Sividalen
bbbl bl L L L L T cemam ettt n et e s s cecanon e (AYU/ET) LIND ¥34 VLV BDNVYIVE SSvW W3ISXSHNS
bt e it R e S llll'lll-llllllllllllllllllllll(ummHhKU (UHWNQ .“m_.HW»WmLﬂ
(A £°0¢2 HI¥¢3 25 ¥01lay
y*y 6°Ta dx3 9 S3¥yds ATidas3y
voel 6°Gh¥ T4lalans
$°1 LRI TS dXd 5 §3z%uS NMelilaT
6°1t Z°96¢ LIgdd=-n0 GEXIJ
(ELJF) JANTLA (SET) IWd1dAM Jv01Xkyd
vy C*0 IMATLTGY3IRT
4 She=ny S*ufS eIy NIuVl T*0L€2 A0ISa¥yg
i SheOb Lo6ES alv HIwvwd 1°GLE2 FATSTA01N
awil gqiInuTr] elanil drdl uiv aly (3,N18) 3T12ISMES = J921 1V¥iH
G*o Z*ogg LVILiTAN3INT
[V S*evS 401¢x8%0
Cu 3'6VG 3UTI31491L7
Ju oY (3ILYM) Yimrgpd
S Y03 J34INY3Zd | = LIND ¥33 wivg K3L3Xx8dns

i e Ll L L TEr S S Sy

ERFEI NIW D°9¢g 3718y¥49a SAV1 0°06 d3Ta3d AT45.1S8 TeILINI
Malyn ggva NIN 0°9g 01314911 ‘ ] Su0S¥AINIT YD
eI IO T R e POTLYR3N3D Z0 11ay0 £Ld 0°uTut 32IS 37.4004

AUZADIAY 2ZH %uTLdnJa¥ Zud $kvd 0°06 AUIadAd ATad.aSi¥ ! S411004

§H0ILdNNs

al37 CasuTD §S 104

MUTLYLS Manﬁ

~eeeemeccccccmmscscsecacmaaylyd NIISSTNH

bkttt DAL E L DL D T e L L R N g e S

J"2¢ 31 sOr b CON NITL¥ENOTIAMN3D €5127 meme-ses *3%0°3°S = L430007d 024 99 %3ILSASANS

($L41) = 22315 $3uV¥al 24Tu3a154T DwIila S¥igd S8=130-L1



ZIt

XYVWHOS SOIISIOOT SST0F NOIIVAIXO JILVM TYOILI¥O¥3dAS <TT-T°S ITEVL

3906 £°S05 L %R o'v88 T°0e81 §TE90T £°%5801 o'6LTTY ses=s STYIIL

s°z §°2 LA 1°v8 STy g1t S°gt €°58¢E 1 =~4323384 1004 = INZIDKH ¥ HLUVEH By
Lo L0 | 24 £'ve £°% [ 4 (AR 5°1%1 L 3901¥334 1004 = 2n31048 % HLTIYIH  LP
1°0 10 £°0 s*2 zT [ [ 4 veoy ] esmecemecceeydA] = INBIOAE 3 HITVAA 9P
c°0 v'u [ [/ 0°o u'o G0 u'Sh € 700 31S% 43n3 - AnNZTIDAE 9 HLAYIH by
£°0 Lo [} v°8 £€°Z [ 34 gL uTBL I XdG/HSY4 43710 = 3INTLDAE 9 HLIv3IK T¥
£°0 £°0 ero v°8 £°7 (34 ReL 0°8¢L | ~=ea?yoyuiSIT « ANAIOAH 3 HITVIH TP
v*1 [ L% gLy z°¢ [ s*0t G*s01 ] ==MINDJKES AJOE - INIIOXK 3 HLTVIA 0D
1°0 1°0 1°0 8°0 %0 3%y [ v*oz T X71dS JZH 1702 = 3INFIDAH 9 HLIVIA  6E
1°0 1°¢ 6°0 ] €°¢ 8°'0 €1 44 T =AT4S 2ZH IOY = 3INIFIOAH 3 HLTV3IH B8E
1°0 1°6 £°0 5°€ 8°0 8'0 Sz u*st | =e-=H3yw INVH = 3INILOXH % HITVYIH LE
1°0 1°0 €°1 (AR [ Pl [ 44 0*u?d | eemmce-cee=ONT30LIu0W X1I7¢ND OTH 9€
c*o vty 0°0 PR} 8°0 £E°C €0 5°1 I 9xH Ln3alv3ul-132d 0ZH 13S5303¥d SL
L°z 3°¢ S°1 6° 4T £°0EZ b 18 5*68 L 56E | wmecesceas *0°%°3°S = ANZaDD34 OZH 99
8S°8LL w ELL 6°NZL L*58 T°61 ¢*3l z9i 5°Fb3T G =e=3Zn 3INEIDKH = SISOwSD 4Sd3A3y  SL
g0 3°0 rez €92 B4 [ 984 6°%1 s°srl ] ewwemcescee=ndDY¥ILS OZ4 INAIDAH PL
»°0 (A7) [ 24 [ 0°¢E (A 66 0°66 | eeeccmescmcrmsnceaIHYE0LS OCH HSYM  TL
S°€l 0°st LR §°sZ a° 1yt §°16 L°9t vite { =e-lV3dl-3¥d 9 35v¥OLs 3ZH 3Lsvm OF
[LA] PR} e*o 0*o [} G*o 00 [AdV] 1 13d In341v3dl=150d4 OCH J3SS3ID0¥d  SE
1°s2 1052 5°€C (] 9°z 9°C ez z°092 I ===324 37d¥L103 = SISOwSD 3SudAA3Y €9
0o oo 0*0 £°101 oo uo n*g Y LE1E ST ==FJN3243n3 ~ 3IOVEOLS OZH "13d4 62
L*o L°C s°z v've 6°61 6's61 broy L€93 I ==gl01 2350710 = 3Ipva0LS OCH °Lid BT
10 1°0 9°0 [ 4 §°Z 6°2 00 3zt 1 semeanee=13dLNID JunsS4¥d HI8YVI 9L
£°0 [V Nt §*u1, £°r (34 0*0 LEPT l ===3dar'i $9a¥4 IH = 3F)HY40LS Tn ST
n°o vtu (o} G*0 c°0 00 2°0 00 1] «=r3TLT504WU033 PhZn = ATd308 In BT
g8z a4 ¢*n Pt 6 £°2p (4 4 0°0 AR 2421 | me-==543d3 §T3d4 IH = 3IV4ILS CO T
9°z 42 a4 0%y 1°991 1391 1937 LUite I =*2.D473 1332 D1Ivls = ATddis Zu 19
10 | V] £4n S°E £°C (4 Le /RN T =yILA¥LDa2d3 SSyW = HOLINIW dSOAlv  +T
£y 8 v L 4 (-1 R 8°d3 £°38 §°83 [ TR | eee=-eelDsInNDD LMUNIWyIxDOD 3D0¥dL €1
8°6S 8°6S CRa S°ES §°198 GZLE LoOYE 9*zTs | ewmcveesse=y)33d - w0I112NJ34 TID T1
0 vy 1 Lyl £°6 £°o 1°1¢ goule P amwmececenme-==303 = 1YAOA3d 23D P
n°e 9% 1341} L*st 1°0 1°0 0*e 9°L02 b ====I3HLNJID ALIJInNH = SNYE 3 Xd €
0°0 0%0 0°n [ 6% [(VRY] o grioz (2 ==e=wea33LY1d272D ININdLINO3 = XH T
0°8 v's 0y ('R~ 0°apt 'AE2 A €L 4008 | oem- ==T139L422 400U = SNVE % XH 0L
0°0 2°0 o°e v 5°0 9°0 0*c 609 [ emceveas=)I8I1T300 4I¥ - SNYd % XH T
413473 Ol d(3+¥dS aY3+4dS 11869=K0 wldv¥i 51 dx3+4dS 3X3+ads LIRd0=ND Jd, 033 LNdUWdADD 90 HWILSXSE(S *On
HyNida X1darsid IYELINT u3xXT4 raftl3yg X1ddnsAs [YILINE J3x14 SLIND n3Ll

(g14) FAnTIOA FI¥LIL (€3) 1b913% 1YLOL
$iv¥? 0°0o = 353Ta3d ATada€sy f2xYd o°yuk = YOI¥ad K1ddNg IVILINT 310304 4 ME¥D NV 3
¢ 39¢d = La3aS lavawas t CSN HUTL¥d7314133.85103 NOILYLS 3JvdS Owds

(SL139) « AJGIs $TIVdLl 9143400108 T 201304 Gvigd $3=152~-L1




PAGE 14
QUALITY

R

ORIGINAL

£l

IYVAHOS ¥aMOd TVOTILOFT3 SSTOA NOILVAIXO WALVM TVOILI¥D¥A4NS €£1-Z7°S FTavd

cpLty
0°cyel
[ R 4
g*0Le
0*n
0°S1
9°s1
n°gi
0°0

D00
L)
-t

. .. .
w o
m

.
DCODOO D0DVODOQOOWO

CDOOMN~MDOD OO
.

slyd ¢*0o

.
P

. .

v

-
LS I
. .

(=]
coc

-

.
c u
=

(5

Pey
[T B ratiic

aevm

-

L Y =

[= )
Aaliy]

3
.

.
¥
<

.

™NoC
~
o

.
.
WL e oo
R L

NN

.
[y
.
<

<O o

..
[ Sy 3
™M N ™M

o

[

.

.
o
-

[
SN S SR &

™~

. v .

~

~

wn
coccCecococco
>

.
re

0

.
[ apl

.
"o
-

.

CCcaoanmcwecoCccCconouUcoccoc—~CcoCcoCcCoCoCoCc

[N S S S N A S S N

CCcoCCc U IOV CCOCOCCCcCooCcCcCcoMmMOooOomMCcCcCcooOC

<
cCocCcCc oo

o

[

NIV id XT144ns
NElwTuG2T4M0D $8T03 JUTLYLS 42vaS 043S

6°€seLz

PRV

CHUICCOCOC oo C oo
« ¥ o v s 0 e s 5 e e 0 v v e

C g CCcC
.

<
" s e e s
TCwoeocoOCcowo oo oo CcocoCcoLod o

.
O
an
-

. e .

A W
~
-

INILawl

143451003 ONTEHDy

o~

CCCCrO~wOCUWCCLCTC
.
<
-0
o~

w
+3 e
w

«

muwmeae 7Yy _-UH.

T =4Rz33¥4 1034 - 3In3I1OAH 9 qLly3y [:32
P 3501¥434 1034 = ZnIINAH 3 HLT¢EHN Ly
| ~eecewmmaayIAT = INIIOAH S 4LTv3H 3y
£ 130 31Sw ¥43a3 ~ INIIDAH % HLTv3H 12
I XdQ/H3Ym 411D = F43I0AH % HLTYIH 144
1 w==ygdnSy"dSL3 = 3nTLOAH 3 HLTv3EH 1
T ==u3MIE3 AJJE = IuTIOAH % 4L1¢3H 0y
P OA1dS JTd 37D = INIIOAH % KLTe3d 6€
b =AT1dS OZH 13K = IKZIODAH ¥ HLIY3H BE
I ====f{S¥m IN{H = ? HLT¢3NH LE
T weceecwraa-OyINILINGON ALITVYND 3JTH 9¢
v ORH LNIAIvIAL-130d 0ZH @3&$3ID0¥4 9L
| eeseecsme "0°M°D°9 e X5IA003d ITH 89
G =e=3Z4 INITIXH = STSOwSO ACHEATY SL
I eeemermecece-w3)yHOLS OZH ANIIDAH bL
1 =emecccccecvecaced)T40LS OZH HIYM 1L
7 ~==iY3I¥1=3¥2 9 3I9vH0IS CZH 3ILSYm o€
v 13d INFALvIdI~1302 0ZH (G35$3223d S€
v ===02d 3T4YL04 = SISOASH 3ISHAFATY £9
ST ~==wXON3DuFa3 = FHYHOLS Q¢H °*LDd 52
i ==d307 435010 = 3I9YudiS OZH °LOd 8¢
i meswecseeaTINLNID FuN8SaHds NIgVD 52
P s=ee=)Y3N3 IS4 IH = 35VH0OLS ZN 44
T ==NDTLISDaA3D40 PHZN = ATEduS TH 144
I ese==eD¥3Way 53344 IH = 3V40LS ZO 144
L ="d.L0473 3334 JL1IvIS = xTadus Z3 19
b =3ln¥lD3ds SSYW = YOIINQW dS0ALV ti
1 =e==ee==105LN0D LNYNIWYINDD 3D¢y¥L £7
1 =evecscecesqddsdd « HOLLDNUZ4 £20D T
b mesesrmacecaceeel(3 = ‘IVATA3d TOD 14
I ==w=TJ81NHJ3 KALIJInNH = SNYd 9 XH 3
L8 =======33.¥14073D IL3Kd1NOI = XH [4
1 =w-ee==aTJ4LNOD ¥IA0 - gNvd 3 XN oL
b =mmesmeee)NITUOD UIV = SHYI % XH T
U, 058 IN4N0dA0D ud Wzlsxsans *ON
SLING W3ILI

210224 b NEAD w¥a 4

gbiAy SR=102=L4



Hhil

XYVWANS NOIIDALd IVAH SST02 NOILVAIXO YAIVM TYOILI¥DY3IdAS yI1-2°6 TaVl

L0082yt STELLIE S*ELLIE 6°85Zubi TZzedt P°CZE0[ ==e=~ SIYLOL

L 19y 2 18 z°135 %% 6o ') 1 =a3233¥84 1212 = 3AN3IDAH 9 HLTviIH 24
9 he9l ¢tis Z°15§ RN 09 gy I 32Udl¥a3a 4033 = FANIIOAH 9 HLTv3H Ly
0'0 [V} 0*0 7°5TpT 0*0 0y T we=seccccaay3IA0 = INIIODAH % HLIVIEH k34
[ PAN) 00 U 02 [P E T3> 3LSM 4343 « 3INTIDAH ¥ HLIv3Y 144
nee 4G 0*n FARGFAY 0*'0 PR T XdQ/83¥nm 411D = AINJIOAH 3 HLTv¢3H (4%
0°o 0*o G*o gouiul ven 03 } ===d3ASY¥ASLT ~ INTLIOAH 9 wLTy¢3H 197
u*o (VR 00 $'plo 3*0 vty 1 ~=d34JHS XJJ8 = ANJIDAH 3 HLTy3IH 0%
0°009 0°o 0o vy a*9 PR T 1148 JTw JT3D = 3INZIDAY T HLIV3H 6¢
0°n u'o 00 ¥*289 T*'15 ¢*is 1 =ATd% 0OZH IJH = 3NILDAH 3 HLIY3H 8€
2%0 00 c*o §°16tE 0°*o0 vt T w==wHdS5YM INYH = INIIOAH % HLIYVIH LE
0o 0°0 c*o 39 S*9¢1 S*yel 3 cemncewe)INIJdILINDn ALYITYNO DTH 9¢
(s} 0o 00 30 ot [ VA T OAW IN3wlv3=1-13533 U2ZH @A353D744 9L
[OMD] S'6FS $°6ES 3%y 1*0L€C TruLee 1 eweme=e "0°M*D°S - XdAADLFY IZH 99
00 u®o neo W u £*53¢L £°58¢L S *=3Z4. 343ATIAH = SISDASO 3543439 SL
00 0o YR} s*v9p1 neon a0 } wesmececcece=3D3¢3d0L5 UZn INITIDRH b
0% Vv [PR] ERELTA) 9°0 vl ] semasmccecamcewe=3)0u0LS OCH HSYM L
0°9 u*o KR4 y* 7ol 0°*c 30 ] ===L¥3¥1l~3¥3d 3 FOVNOLS 0lH 3ILsvm o€
0°n [TV 0°o0 20 Le1 Lt I 133 IN3alvZil=1334 OTH @g3se3lI¥4 SE
9N [P} 0°0 2°0 [ [ 2 A T ===3Zd 3TdYL0d = FISOwSQ 45¥3a33 £9
G6°n 0°0 00 goite [VR] VAN ST ===eXlNIDa3nd = IIV4&OLS OGZH °10d 62
[Idd] v n*o 22 n*o PR 1 ==303371 338010 = 3HYHE0OLS O¢H °LOd 82
0°0 u'o 00 3%y +ezol v*e0} 1 ===T34i¥3D 3uNSS3¥4 nNIEVD 9z
[(A4] vy 00 z1¢ 6°0 PRaN] i w~e=w=)d34d 55443 1H = FOVNILS IZN 1A
nco v 60 Lty [VRY] ] T ==RJILTSI4dWID3T YHIN ~ XT4d0S Zw ve
nce [VRV] (] Z°\S n*o [T i ~====2d343 55344 IH = 35¥Y30LS Z3 Ze
n*o T uybst] T*apgiy Pl 8¢L909 6*L09 i =°¥10373 3334 JILvls = AT4dn§ 2O 1%
o n vty 0N 5°76¢€ 0o (1} i =aladlD3d5 SSVW = HOILHNOW dSOALV LA

0°0 0*v 0'o N Te10C 1°10l2 ] =eee=e=103IN00 LIYNIWYINDD 3ADydL €1

09 1°169 T°169 L°eord 0*Z¢eZi v*ZgdT | wesemsmceaw==q)S0d = n0IIDN01334 20D 11

00 p Elyl Frelag 2%0 3°60S 5008 ] wececcccseccwe=)3 =« TYAQa3d 20D [

60 FRETAT: S*8LS54 0%y N°vz8= u'y2g- ] ===eTIYLM]ID KLT1IANH = SHVL 3 XH €

()] Uty n*o 3% 60 G6*o (2 ==ee===ySPLYid0TID ININIIADT = Xd z

0o 0°0 0°o 2% 0*0 00 T === =1J4LNJD ¥300 = gNed T XH oL
SehirL yeoCoLEs vrooLEt 20 S ET0¢E SretT0€ [ ==JNITO0) 41y = gHNzd ¥ XH T

InI sa Bl LNl 81 qd.03d LNINCdA0D ad W3L3X5801S *IN
e e L LR L AL EE R LT L L EL Slimdn 4311

araesn 9IY
(ak/0L2) JvdT Le3H 374I8N3S Tv1oL
$Ivd 0°0o = JOT¥Fd AT4duSHY YSAYy 0°u6 = U01¥3d £1d405 TVIIINI ZI0d0A& T MAND NY4 3

S
T 49vd = L3348 Ruv¥awis§ I A NLTAVaNST 400D .S YUTILTLS AI%ad N9

vi

(8139) = A20ls £Iagved 94Ia34RINAE Du1dng sti6y SR=130=L}




STI

ZYVWHOS FONVTIVE SSVH SSTO0F NOILVAIXO JIIVM TYOILIYO¥AANS ST-T°S dTIVL

93L°9€~  L0J%D Guntn IR A cuo*o 502°0 Ctun*e 00u°0 200°%9 == S7YIJL
030°0 uoato 0400 LIVARY oot o 200°0~  610°0- 510°0= 0uN*a === (IATLYINAND) 3OVT1TIn AFiLSKASANS
S nN39°90 50070 200°0 VLIV oyo®o 0000 0000 nud°o T =43Z33¥4 1004 - INFIOXH 3 HITVIH 8¢
= £ 000°0 000°0 009°0 v0u® o oun*n 000N wCo*Y 0u0°0 I 3DaIda3d 1004 -~ INZIOKRH 9 HLITV3IH Lo
= 2v0°90 00G°0 20°0 00u'o 0900 0uo*e 900° 0 000°0 i weesceseayFAT - FRIIDAH 3 HLTYIH OV
) uM 790°9) w00t 0903 000°%9 LEL R 2900 0000 000°0 € 113D JLSw 43nT - AITIOAH 3 HLIVIH by
b 0gu*o vo3®d 940°0 J0u°Y 0000 0u0°n J00°V 0v0°*0 1 X38/HSY4 4173 = ILIIOAH 3 HLIY3H Zv
o ) 6p0°o V03 000°C LIV Gua°®0 agetu u0°® Y nuotA I ==w¥3HS¢#ASIZ? = FNIIOAY % HLTIVIa Ty
(@ 00 VLIV Rg] LT o] VI IV R 0go*o 2u0°0 q09*0 0u0°0 V. ==¥3M343 K308 = IsTIOAH 3 HLI¥Zw 0¥
_ LY 0o 0uo*o [P IV ogo*c 23000 PLRRRY Guo*0 T X143 224 JT3) - 3n319XH 9 HIIVIH 6
B 2000 Lovty 000°0 voocu 000°0 000°0 000y 000°0 T =X7dS JZH IOH = INIIOAH % HLTY3IR €
, o 960°0 v02° 0 y0°*0 u00°0 000°0 Qun*o 200°) 000°9 ] w=e==HSyy INYH = INIIOAH 9 HINV3IH L€
rod Q noe*o 900° 0 090°0 600°%0 060°"0 00n°®0 000" 0un®o } eesccene-eHNISILINOw XIITVAD OZH 9
ww R nuec*o 000y o0un*o 000°0 090°0 couoto 009°0 oud*o I 9AH INIAlV3InI-L504 024 33SS3d0¥d 9L
RS 030%¢C UE3°u0%e Dy0°D £55°23 ca0°0¢ 8¢z°s 96E°V S1Z°¢- I mescseee *0°K°3°S = X33A0034 OIH 99
o) PEQOPLE 909 o1 Opb°E2E=- 0I0°0 0un*o LIVER 200°0 JV0°0 § ===JZH 3NIAIDXH = SISOaSI 3Su3A34 S¢
cuo*e u0d°0 cpoce Ny 000°0 0YotC 200°0 000°0 I ~=39vd0lS 0Z4 ANIIDAH  HL
03c°0 w0y 0yo*o vou*o cuo*o Gun®oe 500V 0000 i ====3JYHOLS IZH HSYM TL
000°0 w02y ny0°0 unu®o ogate 000t 0 000 ouo°®o | =e=lLV3y¥iedda 3 3IvVHOLS JZH 3ISYM OF
0vo0°0 VTR ngo*o G030 0G0°0 2000 200°2 000°0 T 10d INJALv3&I-IS0d OCTH 13S53D08d S
000°*9 ¥8u° ¢ nyo*o gTe*afw €o0°0 300°0 009 000°90 I =«=3ZH 373¥LI3 = SISOxSI 3ASH3ATd €9
000°0 000" o £30°0 LIV €00°0 0u0*h 000°0 0un®o ST ====2DN39493W3 = 3IOVHECLS O0ZH *1da 62
0un°o U03°0 C0p0°0 G0u®d €00°0 000°0 200°9 0u0*o I ==d301 335010 = 30Vu0LS 024 "Ldd 82
0g0°0 v0d*o ngo*o w090 ¢90°0 DIVARY] 2050 nun®o | se=scaceea1DdLNID JUASSINA NIu¥D 9T
0606°0 v0d°u 0uG*0 000°0 0060°0 000°0 0v00°* 2 000°0 [ =es==)y3wW3d S538d IH = 3DVAILS IN ST
500°0 VI 29n°0 v9%°0 €990°0 cuoee 9000 200°0 T «=t3I.,IS504K003T7 ¥uilZu = A7ddasS TN ¥
00c*0 903y 0po0°o uro o c30°0 GO0 vo3° o o600 1 =ee==5yg3dd §53¥d 1H =~ FDVHILS 20 2
non*on G020 a00°0 SSL*zE= Cu0*0 Gun®o 000°0 S11°52 P ~*¥LlD373 1334 J1IvIS - AT4dns 22 19
npo‘o GO0 0 9006°0 [PLIVRRY] roG* o 0000 00u*Y 00060 1 =d4la¥1l23d5 SSed =~ ¥OIINOW d30wlv b1
ceeto t02°y 0o Lo0%0 cous 0g0*0 vbo*Y 400 i »=105IND) LiyNIWyLIJ0D 4D¥¥L €73
o090 v02°0 0G0*0 29981 0un®o 6u8°Zl~ QOVU 0000 | wescoaneasaqd)30d = 01100338 ZTID TT
000°0 00u o 0u0*0 L IVRY) uuztol vIETy- 0p0° G 0006V Ly p= } memmtecsevec—eea)dd3d = TY¥A0a3d 23D ¥
0000 uou*y 2u0°0 vhg®o Gup°Ta= 0000 6gotoe 0000 000°0 [ =e==TJYIN3D XLIJInAH = SNUd 3 XH €
20e°0 DI 0u0°o ungu Cuotn unu°o 0enN°0 000°V 600°0 L7 ===~====33LYTd373D In3ndiNV3 = XH T
n00°0 o0y 200°9 v00°0 cgo*o J00*0 0o6*C 000*0 000°0 }  eea-eeeae(J¥LN)D ¥0OQU - 5NY¥3 3 XH 04
090°90 y0° L Gun*o Gou*y c30°0 900y cuec*o 000°0 0690 | =ececeaee)NITIO) HIV = SNVE 3 X4 T
008°0vE= u91l°3c 0vb° €ZE  0B0°FS= 00Z°Tw v/ Gog Lt LBE® U~ £E8 1= meeececeas=dTIA0W NV ¥3IHD DISYA
3aixola 3,034 LNINDHADD 40 Walsksans *IN
ANTINAY  4ISVy HSY ¥ 3128viod 3LvSw2a%dd NIDOYGXH  NJICaV¥D NIDJ¥LIN  NM3DAXO SLINQ w3LI
VRJ/87) dB3.vA 404 FDNYIYE SSuM (x0/s97) S398YY 4034 3DNYIVE SSU¥W
SXd0 0°No = 0JTd3d ATa3da%3d  *SaV3 296 = UOIN3Id Xldans IYILIMI JINI0A T WIYD NYk 3

v 28¢d = 13388 JaVwrus T SN NOI&VYNOI4ANDID .S3TO3 NITLYLS ADVIS 040§

(5139) = AJuls s3uval ONI4F4I0Nd 941404 §%:60 $8=120=L}



911

LSUTT SV I¥EIuw
T T T R LTI O S NP"L BN A e

By e N L L ey e T e L P L L P Ll Lt d

)
(A

<

€L
LG
¥y

lllllllllllllllllllll!lll|llllllllllllIlllilllllllI|lll||ltlllllwllllllll:Uthkm

2Madh
Halyes HoUm
LV 30400
AMELLO4d D¢H

(€4d) awilToA

SruTadnNd 4207

e ...

ZYVWHAOS WILSXSANS NOIIVTIILSIA NOISSIYdWOD JYO4dVA 9T-Z°S ATEVL

age‘t = dni¥a 104
LED B3 = aALYM L33S3D0Ya

(3204088 $T¢l4alvy

£96°29 = ¥3lve LAdWI

J34IG0aY SivIdalin

43d YL¥1 3D.4VivYa

P L LT T TR R oy

*9Iy3LLAY 91537

§°¢ss¥ HLd¢3 2L N¥alid
G2z dX3 ¥ S4¥gds AT44053Y
5221 ¢1314ns
£°21 aXa ¥ 53a¥4S vILInI
S*CiT LIS¥J=n0 CaXla3
{581} IuDI13nm 3¢07TA%d
0'Q LAaLliTi¥alnl
uly wIg¥d goyt 2Q1SA8¥a
alv xTa¥d R E 34T5LaDL
arlal uiv yIv LS,018) 4731I5N4S = Judil LYaH
30 LHALLTwdalnt
St 20ISAENA
S*T1¢g 3JISIn?I1
oY (S1ivMn) d3mnud
¥4Jd 24810038 1 = LIN4 o34 wled

1w 0°og 31184440 SAVU u®ub 02Id34 AT444S TeILINT
[ S V-1~ 20I3L4341 £ ] SNDSYada3ud
MaluYeIndy L0 Lidud £El4 0°0TOY d213 A70490W
MOTI00daM T 3I7Q 0°06 QGIadd x73d4184¥ 1 S4T090H

-

€3837) SS124

NJDTLYLS 35¥dS

MulrtaloTatld €5703 - . -

cemmad)f -

(ala%) « A3,yls s3cval

ceemmayly

§Syd w3lsX383S

*3L3K380S

W3IL3X5d08

NITSSLN

1313a207¢8 (Z4  tE

oV iho

ORIGINAL PAGE I8

$8=~1,0=L1

JOR QUALITY,



L1

XIYWWAS SOILSIDOT SST0T NOIIWITILSIA NOISSTIIWOD HO4VA LT1-T°S FTINL

$°8L04 tolo PeRge Va2t §°S52¢ 4" E997T €°€t6 UtLbuTd ~e-== STYI3L

a4 s*e L 1'e8 T > T ALY E°SHE I =2323444 3034 - InIIOAY 3 HLTV3I4 8P

| L0 L9 Bz (24 £°v (3 Z°vi o' 1tr} Vo ZuCId4Fyd JCUd - 3AN3EL0RH ? HLIVEA Ly
1°0 1°6 £°0 8'2 z°t A n*y Jtub i eem==cee=y3FA0 = IRZISAH 3 HLTVEH  9¢

6°E6 tu reo utL 0*0sL z%i n'% Jtul I LJvak3D H3Val = dn2IDAY ¥ HITvin &¢

| 2l ¢°o P [} (PR 00 vy ["ARY) PN 4 €  Tud ZlSw adnZ = 3JL2IDKH % HLTIVIR by
™~ G°ve G'rt 0°0 utvl z°€sR 16y 00 3°16Y v ANTAN/IYOAWOD = ARFIOAH 3 HLTYSH €t

[x3 £*0 iU §°C v's €'z £°2 gL 0°sL P KaQ/PseM alld = 3InFiOAH ¥ HLTIVI4 Ty

@) m €0 £°0 8°0 t°y £z £°¢ §°L ['28-¥2 | =ewdZd4SUEASIT = En3FIDAR ¥ HLTVEN  Té

| e 7 Ve LY IR 4 2z € e S0} v'sot ] ==HEMQHS AJQ0E = An3IOAH ¥ KUTvdd  Op
| £q =) 1°0 100 140 8°v §°0 $°u €°1 0*ue b X1dS OZd. 410D = 3ENFLOAH ? HLITVIR  6E
<4 1°0 (Y 6°0 8°0 €°0 6°C €7 5°&7 I =A7dS O2H IOH = 3uE1D9KH 9 HLTv3n BE

Nm o 1°¢ 1°0 €0 FRRY §°0 5°0 &%z u*se P ====HSt¢x INUH = 3Fu3IOAH 9 HLOvId L€

| s 1te g €1 g vt v srze Vs I emw=-eece-OWT40LTADK ALITVYAD 3ZH  GE
o 0°0 (V) 0o vty 0°0 £E°0 g0 1 1 DAH Lu3al¥3ul-15874 uZh 335930048d 9L

G-, v'e (4 Lee $°%y §°59b s°22 £€°21 FAAS b mesevewcemew(dh ~ XyFn0D34 024 VE

M X g°8¢L 5Lt 6°02L L°38 Z°9i z°9t Z°94 Y pEyT § ===]Z3 3METDAn = SISOKRSJ 3S43A3¥ SL

< 90 R 0*Z (1A a4 &'y 6°r1 R | mmesceacmeawe=39y80LS 024 INIIODRH  bL

SN o) £°0 70 £°1 §°ET 0°€ LtE £%6 utek | memseencmcsaneae3DYH0IS 0ZH HSVA  LL

S°ET G5t 0°1 §°sZ 01yt 16 L*91 et P o=eeiV3¥ie3¥d 3 IDOVULLS IZ4 2ISYM  OE

0°0 Uty 00 [} 0°0 00 G*0 Z°y b L0d Li3Faleldl-150d GZH 13SS3d0bd St

0°vZ g 24 €272 19 gz 8°¢ s°z voebe Vo o=-=0Z4 3Tevl04 = SISOKSI 3Sy3Add €9

00 Lo 6o $°v6 G0 3°0 c*o VARYA-Y4 vl ====X23430a3x3 = ZoVva0LS DIH "Ldd 6

L0 L*o s°Z 5y £°61 PN v*99 L°E93 i =dJ01 133012 - 3Hva01S 2¢H *L04 82

1°0 1% ] 8%, 6°¢ 5°¢ ¢ 0 EANAA I sweccameesOHLNDD ZFalgSidd nNTHYD 92

W v*o 70 00 6°1T &% oy 06 6°121 I meme-)diEu4 §94¥4 IW - FovadiS In  SC
” (U] utv 0°0 (O L*0 v'u G*c [ I ==%0ILI50a¥udad bhiZin = A1d4dnS IN bT
1z iz 0°0 €°1L 1°2¢ [ 6*0 V8501 b ====e9y3ki $$INd 1H =~ 3DY4OLS Z0 22

61 sl £°7 ¢'s R A PR A S'tet vUEZL i ~°¥L3373 4334 DILviIS = Alddas T3 19

| 1°0 (" g %€ £°2 R4 L*L oLL i =4IA¥1J4d3 SZud = HULINIW d30Onlv V1
W (4 v E°p Vsl By s a8 8y ET9Ll }  e-v==eel03lidl LNynInyIn0d 3DV¥L €1
| €68 5°66 ctcy S°¢es €196 L¢LE L°05E $°2Z% b} meesmcee=sey)30d = wOILONJFEE €23 1T
| t°0 vty [AA1 AN S°L 54 1°6¢ $*use I =wesesccemawawa=)0d ~ GVA043d 220 b
0°0 vty G0 (A 10 [} 0*0 v s6i I ==e=]¥LiNJdD KLiIdInAH = SNVd % Xu €

00 vt 6*0 B! 0*o Uy 0°0 ;8132 7 =======33LVTdIN0D IuZndinvd = Xu T

0%y Gtd (7l 4 0y n°ept DRE2 At GrEL ((RVE] l =e=--==TJdLN3D HOQU = SHYd R Xd 0L

G0 0% 50 3% s*o 80 Gcro €°60 I meemmeea)y1T300 ¥I¢ = SHY4 P ¥ 1

Ala?d 0l dX34uds a¥3+348 L1833-"D hlavd 3L AxXE+¥4S i¥Xi+uds 11240-N0 G,03a LNANUdA0D 80 wELlSX$8nsS *ON
441174 1820834 IYILINE QAXT4 HaNude X1dansza IVILINI d3xr14 SlIivn niLl

(£Ta2) 3,37004 9a5L (1) 1ASI3nm 1¢i0L
SIvD f%e = "UTeZa ATadafad YCAYL stGe = NO0I¥gd Kidal3 1viILvl AI0a0a © 0 EHED WVw
€ 49¢d = L4Z.S Tavaded € ToM HGIAVaR,IAnL)d 3103 NOILYLS 30vaS  da
(2[ad) = ATy £3aval D T34l 9, Talky ebisy FERS LY




L

ST1

ZIVWHAOS ¥aMOd TYOIYIDATT SSTOF NOILVIIILSIA NOISSTAJIHOD d04¥A 8T-Z°S FTIVL

06V

24

003
0*aL
0°aL
0°si
c*o

0°ny
0°S1
0°6}y
0°61
(']

[Vl]

-

T oo
« - 5 s s s =
VOO DO oW
wn o

« o @
THOoONDO DO DD

-t

-

-

COOoDUVoOoCcCOVOOoO M~
.

€1

4

£

mm™m

¢ LRGY

WS

v

oo c oMo o g~ CcoCoCcCcCoCCTcC
. I
rcocC L OCOoCOC mMOCNOCCCCCCCCLn

s & s 8 8 s @

4
L
o
"]
o
v
*]

Voo ol oCoxwocuwc

o]

QuIdda 274d.1%9a%
143

adyd

1

-

-

g

L]

™

n
O
”

G
3

—

T 6857
0°si
0°gl
Y]
0°o
0%

<
..
o

OO0 OoO0
P A )
-

o o~
. . L
TOMOOOCCCOUODODOOOAMODINODOOD
ar

COoCBHLOODOC
.

o
.
gl

SEWHDINT O
« s o s s s s @
oo
Fo
- n
~

=
f=1

<o
-
o

©
.

<

L=]

SRR WK &
.
<

(SR AN NN S e
.
<
m

.
-

Ce oL CO LT
¢ o s o e
cOoCcCCCCCCcCCowaocd

L S

[
.

Lni

I EpEL
[VR1]
6*'0
c*0
[R]
00
0°0

ey
.

C C € ¢ C ¢
.
ccccc o cocCocc b m
[ s
oo
[ ]

=)
. .

v

£ 6°0C

4 6*0

4 0*Q
60

< 6*0

I 0°0
¢*0

<
.

C C CoCcC
.

.

« s 8w
m m
~

”m

COYCCCOC—O o

- .
Do OoCOD
. e
[ S SR

QO QO OC T OO0
.

.
>

o~

-

CC = CCC COCC L oy C
. .

™~

-

Yo}
~N
43
o~

S OO
. . .
[ v o
o~ -
.
0 -
- -

.
QDO IN OO0
o
—

.y

.
CQQC WMy cCc o
fel
o~

no oo~
Qe

o

~
VMECCCrE S C
P | -

=)

~

Y

(Salyn) 23404 1¥2T4I3313 1VICL

‘3av
uS Ka¥atus 2

(5037) =

3 0°ub

CUN NUIWYAST 4NID SSTud NLT1L7LS 3D0VasS

Adnls

= U0L33d AiadnNs I7iIIAL

SAuval HyINIFININGT I41304

T R R T T T T o I R R R e )

u.,uld
SLING

- 81vill

=4322484 3324 - 3ANTIDAA 3 HLIvIH
20019434 3054 = INIIOAH ¥ YuTv3H
meemmtmeeyIAD = INTIDAH % HITvIH
LOV4kID HSVaL = INIIDAH 2 HLTv3dH
732 FLS4 u3na3 = INIIOAH 3 HLIvAn
TIwTaN/3IaNID = INIIDAA 3 HLU¢IH
XKad/ESYs nlld = 3INALIDAA 9 HLIv3H
=e=gddSyMASLT =~ INIIDAA T HLTvIH
==¥3MJIHS AQJ3F « 3INFIDA4 3 HLIIVIH
R1dS J%d 374D = FANFIOAH T HLIVEH
=AT7dS OZH LJH = 3INIIDAA % HLTIy3d
==ewHSYM INVH =~ ANTLOAY P HLIVEH

me=eece0yTHCLINON ALITENO IZH
9AH INZALVI4I-1504 GZH g335aDI¥d
meeeemmecesscadOA = XadA003d 2TH
===3Za INAIDKA - SISOnSQ 3543A3Y
cemwmemsaene-IOGHOLS UZH FYALDKN
meemmeeonecenneaIIYa0LS OZH HSVM
~-ci¥adl-3¥4 ¥ 319v40IS OZA4 3LSVA
12d 13341v341-130d OZH 35§300¥d
-1ZH 374YL0d = SISOKSC #Su3a3d
~AON294343 = FOY4OLS OZH "L04d
==dg071 335010 - 2Ova0lS 0ZH “.0d
sessmemo-eTJdINDD FuNSS3¥g NIQVD)

==e==J83nd 55444 IH =~ 357Yu0LS ZN
~=~HOILISIdWIDAT PhInN = AT4d0S TN
“=~~=J¥3Ind 55383 IH = FOY30LS ZQ

=°¥12373 3334 2{l¢ls = XTadus 2o
~dla¥LD3dS SS¥W - YOLINQGW d¥3alv
merea=e3ININDD LNYNIWVINGD 2D0¢dl
cememecacea=3)$03 = n0LLDNG3a ¢0D
cnmee= TYADA3d 203

B T

-e~=TOYLNDD Xill3Iafd = SN7d ¥ XH

=e=*=33LV¥1d07]D INIWdINUE = XH
=weeseaT3ULNUD JUAQ =~ SHYd T XH
meeee==e=)INLTCOD IV ~ SN7d 2 XH

LN4NUdADD &0 W3L3K381%

310334 ¥
oA

“IdD NVn 3

6b:50

34
Ly
k4
S
124
|34
(47
Ty
134
6€
8¢t
Lt
9t
SL
|43
SL
v
TL
0t
St
€3
62
82
24
14
| 24
(44
19
| A
[ 39
T4
v
€
z
0¢
I
°ON
a3LI

59~130~t1




XJVWHAS NOILOALAY IVIH SSTOA NOILVIIILSIA NOISSTIWOD YOdVA. 61-Z°S ATVl

9°GptsT P L€962 brerast 9°8S1LT 9*ZottL LAR4 324 m=mee S7v10L

L*lypayp ¢S [ARE) 3% G*0 vty T =a3Z33¥4 3034 - INIIOAH 9 HLIYIH 8¥

7y b R AR [ANS z2°1s W' n*Q vty I 35QI¥43d I0J4 - 3ILIIDAH I HLTv3H Ly
L 69 [ oen [ACAERS 06 uto i =e=a3AD = F42I0AH T HLIYId 9¢
&= w“ 2°9 w0 6*0 B°LOY 00 o i LOVdW3D HSVal = 3INIIDAH 3 HI1¢3H Sy
L) rm 0°o vy 00 U u*n %0 € 113D 3LSM ¥3a3F =~ AIIDAA T HLIY3H 44
o X [ 'Y 5% C'Ebel 5°0 Vo v ININN/340403D = 3N3IDAH ? HLIvIH %4
I NG Vo uto ERE R YA G0 vty Vo XdQ/7HSYW nll1) = INZIOAH % HuTv3d 144
00 NV 00 £°uLul [T} VRN 1 ===d3daSy*aSid « INIIDAH % HLlvdn 187

b 9*¢ ety [AR] 3°r06 (] o i ==M3FIHS A040 = INTIDAH ¥ HL1Tv3H Oy
o 0°0yQ Ve 6 3%y G0 uto I A1dS 324 3732 = 3nZ1DAH 3 HL143H 6€
PR 0'0 vt [ 3°¢89 Z°1g 2'1s v =X1dS 0ZH LJH = INFIODAH 3 HLTY3IH 13
mﬂ.“ & nvo vt 6o 5°T6¢ 0%0 2°0 ] e===HSYm GNUH = INIIDAH 3 HL1¢3d LE
24 b 0°n Uty U0 it S*9¢g1 S'9ET ] eewecemccce=dNIadLiINOW AZITVNO 22H 9€
xe 60 ute G'0 J*0 LAY veot I OAH LN3wIv3sl~130d4 UZh Q35933)¥d 9L
[oNe) o°c Ut ¢ uTe £°95€ 2 93¢€ ! s=eeemsas()p = Xa3p003d 22d vE
o°n R (] 2% £°S8L £°59¢L S JZd 4MIIDXH = SISOWSO 3S4¥3A3Y SL

0°5 vty 50 5°¢9% T 00 vy 1 wemuseao =39v401S 0Zh 3X3IDXA bL
0o v*o G 3°3821 60 G0 S emcmconacnceaIYYHOLS OZH HEYM TL

"0 G [} v°e01 0°0 Vo T ~==iV3du~3¥d 9 3I9v¥0IS 02ZH 3JI3VAN 0€

0°0 Wy v'e 3°0 51 3% b 13d INZalv3al«ls0d 0Zda gd393J0¥d 13

0°9 o 00 A 9*811 9°511 i e==0Zn 37dviDd = SISOWSU 3S33n34 £3
0°0 [FRe} G*c S°&TE G*0 u'o Pl ====XIN32u3a3 = 39Y30uS 0OZH °.04 62
6*0 VU o°*e 3%0 0°0 Uty I ==d001 33501) = 39¥uluS O0ZH °10d 8¢
0'0 0% 0o I%u Fezol vezel T ==ee===eeeTj4LNID 3aNSS3¥d NI4YD 92
0°0 Uty [FR] %18 G0 vty } wew==)H3Ai S5Sa¥4 IH = 49¥u0LlS Zn T4
0*o (PR G0 [ 4 £°7 £ I ==NOILIS33WI33 buiZh = KTadNS Zi | X4
0 vty ) ¢*s (1] (PR I ==ee«d¥3ida 35344 LIH = 3OYa0iS 20 (44
| 0o L0153 L*01LSs PRV 6" Lyt oLt bo=*dL0473 1334 JILvls =~ x73dus 2o 19
n°o vty 6o a'26¢E [ Vo 1 ~adIlx¥LlD3dS 58¥4 = dOLLINOW dSJaly 12

) vy o*0 itu 1°1022 1*60¢2 | mese~==]13d4L80D LNYNIWYINDD 3D7¥L [ ¢

o°n 1°1639 1°169 L*e9tt nezegei utzeet | w=weweeece-widgDd = NOLILATFY 26D T

0°0 AR T2 LT RAY P £°ved [R4247 ] =eweesecccewenanldd - TYAOA3a 20D v

[ 60618 6°88Ty iU T*fpL= 1°86L= b o====T3MLN3ID RLIIInfY = SNYd 3 XH 3

n*o 00 0'e 2% 6o o T =~ee===53LY¥1ddTID Ln3IndINa3 = Xd 4

c°0 vy 5%0 o 6°0 U0 3 ==T3YLNGCD HOJQ = SNvd ¥ XH oL

€°€LSH 5°0L301 &°0LauT vt 1°Ts5¢€2 P°iI6EZ i ====ONLT00) ulIv = $Nv3d 3 XH 1

Tl sa €1 LN1 s 31 U, 034 “N3ANJdATD d0 Walsxseis *ON
R LA L L P P P L e e L LT § ¥ 1] i A3LI

4112011 Ly
CaH/Nid) GYUT 1¢2n 37aI8N3S Tvlll
sXvd 0°05 = O0Tala AT4d1S3d  ‘3aY3 o°u6 = UUENId X1dalf§ IYITINI A1NA0n § MEHD VR 3
¢ 39%d = La3du® lavnwils T Sut MUTAY4ODIANID 98733 UTLYLS 3IovasS  Jdda

(usTad) = AJiJs SIGVAL HnIyIanic:,

[F%]
o
:
e

(%]
a

LY 9f=130=L]




OE POOR QUALITY

ORIGINAL PAGE IS

0ct

XIVWHAS FONVIVE SSVH SST03 NOILVITTILSIA NOISSTUAWOD YOd¥A (07-2°S F19VL

A9L*9e= UDO0TU 000°0 iTa"6f Gooto sZ1°0 000°0 w00t v 0uan me=== 37¢l3l1
0000 uno’y nge*o V00°*o 000°C 8000 E10*6™ AT ML 0u0"®o == {(3AILTIOAND) 3LY¥TIN A3LSASHDNS
000°0 NI} [QVIAY vouty Gud*0 393%) 000°u 366°0 nud*o 1 ~432Z3¥4 1004 - 3INIIDAH ¥ HLTVIn Ef
Nug® o unet o 052°0 [FIIvRgY) cuo*o v00°%0 tu*o chate nJn*oe T 30Qi1¥a3d 3003 = 3InILIOAH ® HLTvIH Ly
0uC0 [V 000°C uny'y 6ua®o w000 090°H 200° 0 Guo®o | eeesccweendnd - ANTIDEAH 3 HLTV3IW 9v
09C*0 w00y 0u0®o vou'y Gunto D00 600G 9Cuto HU0°0 P LO¥drdD H3Ydl = 3.3iSAH 9 HL1v3n 6G¥
Q000 G00° 0 oun*®o wou'y cud*o vwouu noo0*0 u0o U nuoto € 100 31SM ¥43n3 =« IANILOZA 3 HLAIVEa b
fu0°u veGty 6u0°0 Gootu Cun*o 2060 0s00 Lou v 0uo®o v INTaN/3304d0D = ANIIOKH 3 Hilvid €
0u0*"0 VIS 3VRY) 990°0G wbo cynto RREY] nYo*n 0000 nyo*to P XaC/ESYM alld = 3In3IO0EE 3 ALIv3In Z9
noo0°o0 Go0°% [PNT ] ulbu e copdto FRE AN Cui*o vCo'v no0°0 { ===addSuMASIT = 3LFIOAH 3 HivIn T¢
060°0 Gasto Go0°*n Loute 0ud® o Wbty guo*o w00 0uo*o I ==darJ435 AJUR - 3AN3LOAH 2 HiTviIn O0OF
3060 vodT Y 600°0 ubu'y 000 J00°D 6u0°*0 youtu 00G°0 T X143 2374 Q70D = IN3IIOLH %3 HLTvdn  6€
0uo°0 VST b0 0 MR 006°0 900°0 6g0*0 200° Y 000°0 T =X73S 0CH 1OH = 3n31DXH 3 HLIVIH BE
0u0"0 uho®o oub*o0 [V V] 0yt FIVAY] 6600 vl v 0000 4 #3yM INYH = INFIDXH 3 HLTIv3IH L€
ARTAD] vout o 300°0 vCd*c G20 STQVANN} Guyo*o w00ty 0009 I meeem=ONI30LIR0K ALITV0D 3Td 9F
[UNT ] Vo0t Y Gu0°0 (IR} 099°0 F1 ] cuG o 500°0 Juo* o i Lit3alv3al=1S0d OCZH J3SS3D0¥d 9L
¢y0*o VIS*u9= 0ubt0 LE€u®ES Ve Rl Joutd 0onNto GCo®y nueto - ===aJA = RaJAQDJ3a 0ZH PE
PEOYCE  90r°oT QyPEZE= V0O [SVIVR] uhy®l Gu0*0 [V Y] 0vo*n S w3Tn 3taldXd = S180),S) 3ASH3IA3Y  SL
000°90 0Nyt y 0ueo°o0 vou 'ty 6uo*0 w000 Gu0°o 400°0 0uG®0 i mecesmacee=i0y30lS 024 INIIOEa  PL
Gud*o w0t 060°0 vooto 0un'to DY 000°0 u0Y°® o ovG*o I sescsmcecnnrcenee=ZHYu0LS OCH HSYM TL
800°0 [ 0yoto vbo'y Guh*G 'B I 0000 J00°3 ouo*o P m==lVidleadd 3 32¢duls 2Zd4 ILSYM OF
0Qc°0 ¥} nuo*o VIUVRR cun®d 000 [IVROREY G0yt 6He0*0 I J3d la3ale3al=-150d GTH 338553D0Ha  SE
000°0 ¢ 600°0 PZityb Co0t0 ubo® cco*o 006y 0G0°D P ===3Z{d 373Y.04 = SISOAS) 3S43n3y €9
000°0 0 6O0°C V. A] con*o 300° 0u0°0 anutu HuG*o Pl =e=~=X3N3iDa33kZ « 35vu0LS 0CZH *13d 6
0000 v nuG*a ubgtu cun*d 000 6y6*o 300°v Gue®n I ==4301 335070 = 3ovu0lIS OCH °*L0d4 BT
ouG"o 9 0ue*gs Gou'y Cud*o FEIAS) cuo0*0 902V 0u0°0 1 =weew. ~104LN3D ZuNsSidd HIRYD 92
0506°0 v nue*s v e oY ead] vosty 0uo*o 000y nuo*e | ==5yd3d¥r3 §53¥d IH = FIYdOLS In S&
0u0°0 v 000°9 vou Ty fun*o [A-TP ¢ouo*o soeto noo*o f JILIS04N0230 Pniln - A1ddns ZIN  $C
Guc°0 u Gun*o 00U u G03°0 200°3 Gyo*oe MY 0uoe 3 ==Dddnd $93¥d (4 - IyvadlS T3 2T
63C°0 ¥ 0uG*o £S5 PZT=- CUD°O0 sZLe 0un*o G0ty (34 ¥4 I =*¥1D373 J3ad DIIvliS = A7ddaS ZJ 19
ayn*o VoLt Y 00C*0 Lt VR wCote cuo*o V000 fu0*n I =aladlD3ds SSYW =~ YULINOW dSOWIlv #1
200°0 N]LIVASN] ouc*o 0000 VRV FIU 0u0°0 0Gut nGo*e | wewseea]03Lludd LN¢WINYINOD 32¢dL €T
660°0 TN Nu6G°g SEE"ET @V 563" 1~ ZeGTLb= w0ty 0un*o I memesscssem=ef)30a - 01100434 233 V1
000" 0 ooy 00G*"9 [V €38°L bhu" = Guo*o uby 'Y 166°9= | semesec-mecc-ead(3 = 1YAOAZY4 02 ¥
600°0 Wity coC*2 vlu®u 5406y~ FRUNR] [JV R vyt v ouc*o I ==e=TU¥iNJD RLIIInNL = SNY3 % Xn €
00G°0 uby®y 0060 c00*%y ¢aG*0o 500°y 6y0°cC w03 ) 600°0 [44 meeee33dLYTdITID In3adInO2 = Xn T
006°0 veo o 0uC*®0 LRV 00¢*0 200°0 066°0 J0G°0 oubr e 4 =TJ¥LKID HOA0 = SNvd I Xd  OL
nuo°n Go0u° 000°0 udo‘*u Cu0*o ubG' Y AV} 00"y 000°0 I ==3MIT300 slv « SNVd 3 Xd T
008 °0pE= US1°of 0¥P*ELE  UBUPS~ (CUT" Ty v/ cuacLh LBET I~ CEE VI ==«3T0020 du¥ #3¥) DISva

jgrxeia Q,034 wzwzomzau a0 W3lsxsens *oN
Fu3IIDAY a3V HSAM IRy Lad  sIeSNFUNID NZDJHIKkn  NUHa¥Y FE5IAAIN WEDAXD Siina w3LI

(% u/4a7) a3iva 5304 3Dn¥ 1Yy SSwi (ad/81) C388YY w04 HOnYIYH SSV
SI9C D% = MTada aTadtTan Ta%5 00k = SO0Lkad F1FANE WWiIanm] I1r 10w ) $AND NVA 3
v 4% d = Li3nS Aavars ¢ Sutl HOTe¥alioldnad 353703 Suli?uS 20949 aJA

(2337, = 42005 SduYsl C 149471903 2,150 otibJ G8=150=01




| 1zt

IYVHNAS WILSXSEOS °“dVAT INVHEWAN JQILVYDIINI OTILDATIOWIIHL TT-T°S ITEVYL

2E1°9 = Bladd
€022 = Qlurn J3itzt BES®F3 = SFAvh GILf4D4Ua €56°Z9 = ¥ilvy Ladnl
L84T SU¥IMaLvh a3da90%e $Tela3i¥a u3alaody SIviddlivs

Secesenemmea(AYA/80) L100 dad YLWI 2D.YIVdE SSuk

*L1ed w0Ilv¥add sn

[

aemmemcmcsacceemcneaeVIYILLIED NDIC3Q ELISASE.S

vtuT A TY] FLdgE DL AYLl3EE
e 33 E*FE  daZ 3 SaXgd3d &TaduSid

R 1°Zs Telinals

vty 00 a¥a 3 3eviS TYTALuT

w'p 1*Zo L1490=8G Qa1 4

VELT) FRITCA (291) JaDide Je01Xqd

DRIGINAL PAGE 1§
@8 POOR QUAL!

3° ¢ LHdbaTadalul
a SY=Qy U 27 Wlu\ld YR A 3GiCadug
3 S§F=ny v aly aTu¥d A A 31L3LnSL7
avr'3l AireTl aln~el 4T wiw a4l (S,hLE) 478T35038 = Jy01 Lv¥yd
u®y 2°¢C Lodl LT ddalay
u'ekl a*zi 3CLExndv
VAR 3°27% AT3L4917
24 v (SLivn) Yiasad
II""'l'-lllllllllll'lllllllllll-l!'l'--ll|lll'lll-.‘lIlll-lllllll'll'lll.‘h.waP'N.P,ﬂ.. W—UIH» UD&HDCHC ) - H-H._..ﬁ_— nuk GHQQ n.tnu'._-m.ﬂ.u‘.m__m
.. . i e .
ai1d NI oDtug Sa%d 0 vE G3IY32 ATaduS TeILIuI
Balygk HyYn Ml 0tey ] S50383dx34D
JL¥SLENCu NOTLYu3n3D Lo Au0 Eld g°0Tuy 3218 3T030W
AG2ASDIA DZH ~uTidn13T TLD sXvd 006 Sad i SITAUN
cnmemeant eceam e ———— cemmemmmcman e emtmmeececsdemmereurEmeeeecm e ema-——
S1OTadits 20T Cablly L8703 HITLY WS 3ova®

D X T T T LT ity S iy g I

e e e e e e m et e et s e s r e s n e mme=y [ (] N TS5

mme=sO0ll o= A3T00PY U2 fE w3LTATANS

a
Al
N
-
N
-
L
a
«
m
S
i
™
'
-
O
i)
[
T
o~




S°6L07

s°Z

) .
~ o

mMmo oo
.

hesl
.

CCOoOQCOmOOaTC ™M

.
=
-

“BLL

DX A AN AC P A OCODIS T DML D vt vt vt

"R}
(V]
Ala¥s Ll
HdfiZa

[244

XYVWHAOS SOILSIDOT SSI0d “dVAT GNVIGWAWN QITVIOTINI OI¥IDATIONIABL ¢ZzZ-Z°S 19Vl

§'clo L*REs
5°¢ 2
LU | 4
1°c £°n
[} ¥°0
Y] ;N0
PR ¢*o
g0 2*¢
[ 3] §°0
vt Le®
1%0 1°0
v 6°0
[V €0
[ 3] S°1
] 60
3°1 0*0
5 BLL RS AA
EAY) 0°Z
[ L2
v°el c'T
vty (O]
PR ¥4 €°7¢
0°y G*n
Ly s*z
[T 00
Vo S
ute *n
12z neny
0°1 6°1
[ SN ] €%
s’y |3 4
E°55 5*6g
veu z°1
[FRa] atn
ARV nen
0°3 H*y
2°0 0*n
dX3+4.8 4 3+4d8
XA13ahsy TYILIMy
CelaY FanGda ived
3k10 0°%0e

[

CUVLN~C NINMEOCCNaTaad Mg vcC LU mMme

kg

L IR W N TORR BTN

ol

[4

NEPS &

® s 5 ® s s e 3 e s s e s = e 8 s e s st e s
3 VMO UOhT o MmMmMOUGr e v me g9

(o]

—
-~

« o e & ¢ ¢ o a o
©

s C N M

o C

v5

<
o™

o~
o
.
—
-~

~

e

o e (VD
. v e « o = = . .
D v

< -a

- wn

.
ST NN D MWD

-

IR OOODOWMNNOTWOINMMMEND
.

CARZA
€°¢
5792
S"1l3s
A
179
n°n
0°3p1
§°0

~
-
©
”~

~ = m
-

JwilJ
NyNLTy

Alad.iSad
Li3aS Xav

rla?i 21

ooy
@ « a2 @ ¥ 6 o a & e e e e s o w e a ® 4
NC L MNC =T CC MNP C v T

CurCue /M er e o wiNmemy or
S & s e s e o s e 4 8 s oa e
o

PO C SN e T U

CUCOrNG O 9 /O N0

bl
dx3+das
X1d4ng3s

R N

a
re
(e}

.
=

[y+]
.
r~

—m

.
0C NN e D
- o~

>

.
NS aAL o

-

v ™m -
-
T oo
. . . . .
P~ C DT QDD
o~ &
-

o~
.

X}
G%€
*Se
1]
[R]
G EL
00

~ <
”m
S
.

<&
-

4X3+dds
VLI LT

emamamuE---

(F1) L6904 1¥uds

BRTGIE
e Twetenslaad

STaTel Uil

AREE

3

ns
S3

1

7 ~-=~e 379133
3 £ b »g34i3d8s 4353 = FwZIDEY 9 HLIVEn
o'y b 33004474 1203 = IuFI0RA ¥ 4iTviIn
PRV [ seweececayInd = T4FidaAd 9 HLTvdn
tur T 137493) Hsval = 3n3IVAY % Hllvin
0tEv € TI] 345w 2343 ~ 331944 % AiTvin
9°167 v Tald0/332a53D = InFIDAH % Hulv3a
RET b haQ/ES9% ALUD = 3WEI0AH ¥ KLTV¢3Es
03t I =e=a345vMaS13 = Fu3LO4H % HuTvdn
0501 P ==d3%JH3 AJGF - InFL04H 3 HLTvin
vz P X145 JZ4 410 - 3LEIDKH 9 4L1¢3k
3°22 b =alaS 2ZH 104 = 3INIIDLH 9 HuTudd
vs? b o====H5VYY QUVH = B.3IDRH 7 Hulvda
URINE b ommeseecce )il800l00n ALITVNAD OZn
$°1 i Dal Lu3Inlv3el=150d 0Zm 33I3S3D04a
1*e b omeessec-mce-e3ANIL = K43a0034 JZh
3 3 ===32d i12T79%si = SISCwSJ 35uFadan
2 i woswsecsmeneaddYH0LS 524 INFIKA
0 i eemcmeseacsesece3)Ya0.S 324 HSVA
J b se=lY¥ddi~3¥4 3 3038043 JZ4 3LSvm
¢ b 104 IxIalu3al-130a U¢m JISS4DI¥a
v P =e=JZ4 273Y¥.da - S5IS0KS2D 3S43A3e
v V1 ===~1343D23,3 = Iu¥d0.S ¢4 *Lda
L I ==d3J07 433313 - 39¥a04S 0CH “ida
9 b omesem-enesq3¥1%93) 330gS3aHd «IAYD
o P eese=34343 §33¥d I =~ IL¥4ILS Tn
z b ==nJILTS04K004T bl - A74d0S 2Ty
v P e====D¥a¥a 35344 [H = 3DVadLS TV
tEze b =*8.1313 1334 DIIvlS = ATd4uS 2D
vt b =dIa¥133d3 $S9¢4 = HOLIFIW 45041y
RETAS b mee==ea10a1830 LMVKIAY1aD 3DVHL
$°C2%3 3 - #)328 = H0YLONJFy €I
ERELTA i ==--=333 = Y3434 T

iv 45l b sw==TLHLD) ZLTJTANH = $4vd ¥ XA
g*iog €7 ===e===33L¥14213D Lad.d1Nn33 = Xa
0°0s ‘ “7I44430 460U - N4 3 XH
0°908 3 “=JHI130) el¥ = 38¢4 ¥ X

11940-40 4.0 LM424433 ¥d W4L3IXSEnS
d3&Y4  siin

LI 31nas« 4 1480 LV 4

D3 CICTLYLS Fuvas Fafy

20T4iln “EiL 38T

*2
w3

N
LI




OO OCO DD
s .

@

CUHNOC CCC -

L
DR}

DO M OO~ OO

.
s O

o

[+3

e
..
2

.
[
o
~,

D PO M

~ C

-

v
J
O
)
N
bl
v
S
El
v

N o
.
Da

o
9
0

-

A -0

.
[

’ J
v Y vy
P ] vy
v PRV vty
v ] vy
4 Y !
v vy [TR)
J AV vty
2% Gg PR
PR ' [7A]
FRARVIEA [t} vy
FRETIVAS Y] [FR]
vty A [
4% ueg 9
PRV Zy PREA
P 0gZ S ¥4
wt ot 0 [N
PRE o v
VP UE 0 Uty
ity ] v
4 uthg g€
hes feg N
") GG vty
PR 0 v
K] Y] vu
rtet [ ity
vy [ uty
ER tLe vtul
ity WO VA
PV =*53Z P o9¢
Dty
PRt
[
EREY
e
DY

.,
Y
bl de
[ Sl

'

TVILL

P & VIR

Al AR

el e -

L IR TR o R R ol TR

At O -
=
Za

ZYVWHOS JIMOd TVOTMIOATA SSTOF "dqVvAT ANVIGWAWN GIIVIDTINI OTHLOFTAONIIRL €2-2° G FATAVL

mmeee ITVLOL

=aZf33¥a 3394 = INIIDAH T HLTyEA
300 dads 4343 = JAuFIN4H 3 3uT¢E4
mesmeccanyIA0 = FINIiOAd T SLIyE
Lovdad) 43740 = J4IIDLY 9 41T¢34d
4@0 3L« @3a3 « INIIDAH I HLT¢dAn
Talu0/34Jasdd = JLBIDAE 3 Hule3d
Xd0/85%4 S0 - JF43I9AH % Huly3y
cemg3dSgNA5IT « FIN219AY ? HuTe3d
==834JHS AJJ3 = FuW3IOAH 3 LTY3d
11as uum uguu = ZnN3I0A0 % HL1y3H
~aTdS 2T4 aut = 3JL3IDaH q H17¢34

H3vA = ANJIDAH RiTesd

LAt e E Y- 1o 3 A KiePY »kwq.no 2Z4
SAW IN3alv3dsi-1304 0Zn (33340244
cemmmtcoswaeeTAWiL = Ru34i0034 JZA
===JCB INATDIH * SISDaS] 39435434
IllllllllnlllkUﬂ~Lhw th FMIIDAN
eemeesmamcacmaneIYH0LS OLH HsYA
~==lV3idl=344 3 A2vH0LS OZ4 ALSY4
104 I43alvialeI304 A 03335322344
JZ4 378¥.0d ~ SISOnSC 4S434Tn
=KkJid%a343 « FOW0LS 04 *Li04
343071 JI8214D = 39val.s 2zZd4 °*LOd
- =124174)0 3a05S34d 414v)
se===dY¥iia IFa¥d Id = IHY40.LS Ty
==*0ILIS]a43Dad »Hln = ATla3dus ZTu
lulllwmwmu s33u¥d (4 = F0¥40LS 22
“nLd473 J34d Jiluls ~ »Hu&:w 4]
luh:mrUkLu 359« = AQLIMQU d5Daly
==T24140D r:ﬂzwhnszou ESPEM
43824 = LJ113033d ¢0D
l:llnlllunlollluaw = T¥A0434 TNO
- lquxb:uu ALIdIsAn = givd 3 Y4
meeensesILYIdATID LudndiNIIT =~ Xy
mesesemeTIHLII) ¥y ~ S97d T XH
ermemcmanly rqtuu SIY - SH9d ¥ XH
LE3NTda00 80 W3ILISX3E1S

SIRATA b 39D Wy 3

274S 3Ali




E POOR QUALITY

ORIGINAL PAGE 1S
O

LRA

XIVWRAOS NOIZOALad IVIH SSTOF “dVAT INVIEWIW CIIVIDIINI DTULOATIONNIHL HZ-Z°G F14VL

rLebGT L 5ZEST 1eaZasg 2SIt € iSyL === SIVLIL
L°Te%yp s 215 Al WU y  =4FZ3aM4 1544 ~ FWIIDAH 9 9[1¢3d C34
AR TN ig 2°1s R vty T 3001443y 3744 = IIidad I 4163 Ly
V) ™ 0% v a1l VARY! { wereeeseeey3IA] o FNAI0AHA T dLT¢dd 3y
“°0 ARV (TR gtude vty P II¥awWlid H3vdl =~ 3Ia3idad T Hilvdn Sy
[y] vy u'd Rt vy € 13D 3494 33a3 = FAJIZAH I HulyAn by
90 vy G0 LtEvel (PR 7 TaIafi/333a%3) = IuZI0AH 3 Hilvda Ev
0°¢c PR [ER} PRRS £ 0%y T X4J/HSYA 414D = FUITIDAR ¢ HLTY3d Zy !
a*0 ue (g £0uLul vty I ===a3HSY¢¥4SLT = 34IIO0AH F HuTvdd 157
D] vty G*0 4°pco vty b o==d3M0ng 4708 = INILONH 3 4Ly Ov
c*nys vty Vo s vto I X148 23n 37D = FuII2AH 7 HLT¢EH 6€
ven uto TR "] 2°¢sy [t T =ATdS 324 LJd4 = ANIIOAH 3 HLTv3n BE
oo vty 040 »°¢6€ A7} 1 ====H5Ym 14¢H = INEIDAH % 4Lilv¢3H LE
Lo Gty 0%y 4%y ST9¢€l }  mesesmeesaedHTaldLlIndw ALINYND DCh 3t
60 vl 69 Joy L0l ot b DAH LN3alv33L-137d 0UZn J355402dd L
50 gt [T 3°¢E (*PES u'tEy I ewesesmeceeeR44]1 = X&3ACO33x J2H te
neo 'y 049 S| £°54L €°5&4 4 me=)Za 3M3I0XA4 - 5IS3nSy 3S33a3n =
nea vy 60 5%E%RT (] vty T =ecescc-aca~se3d9qd0LlS uZK 3YITDXH YL
00 o'y .0 2°56¢T Gt 0ty i meeesscaceneneeeI5PH0LS OZH HSYA T
vo uto [A] voCot S} vo T ==~=lv3¥.-324 9 3I0¢HULS (Zd4 3ISYHN 1%
50 Wu neo Wl Gy ER i 1Jd LN3alu33l-132e 02Zn ¢335332¥d SE
¢*o Vo uty sy «*3it AR I ===3Zd FT4¥LId = SIS3InSg 3543474 €3
nen vty 0o 5218 ) VR 1 ===ckOM304343 = IL¥adiS 024 " L0d 62
60 vl 6o gV ] vty T ==d4321 335013 = 3D¥33iS T4 Tidd ez
a0 IV vt o NRgV trzyt AR b ommew=memeeei ELd3) 36025344 wIavD 1A
vty V] L*iG “*'0 VA b m====3d3d3 582431 I[H = 3974045 i sz
vy [ Leb £°1 vty T ~=n3ILT52a43030 #HZN = ATadasS Tud 124
ttu ht 0 AR (*o vty b o====eD¥343 39433 IY = 35v3)iS Ta 7z
L*u158 L°01iSe R Loy WLty b o ='¥iDafi 3344 31X9I5 =~ p1zias ) 19
vy un a"uht ey ORIV i =4Lud¥LDEJS ISV = ACLINGN ISIaly v
G 0 Y 11522 bTinZg b eemesew381400 LUYNIHULLOS dJydi £l
VTIES 1°10% L CZETH oteget I memecme-ee-= {3933 = wO1L3013a 200 11
vesLLT PG 9%y [ 447 | wecacrscececcea)]3 = TVR2a33 20D v
stpe i3 ¢*3sTy Ity L85, Voo====T2HLM3D XuTUIANd ~ 599 3 Ui £
viu o Iy Gty L2 ====m==33Ly 140730 La3wdINdd - XA z
u'e c*o Wty G0 I ereeseceTJdLNUD 4370 ~ SNES 3 Xd oL
"136g 3%68uT1 QA*635047T Jtu 4rLite b eese=ewaoINiTUI) #IV - guYd Y XH 1
i sa S1 NI 52 1,934 Ld503420 a0 H3LSASHAS °Jii
Semeeemesmccccncasccnann R L PP PP PP SIiti AdLY
1TAC1 1 21

Cad/Nnu™y o9l ieda 37579059 il
ot =N TiMad iAdg0s
So dllwtanul 4.0 CF




(74

ZYVWHAOS FONVIVE SSYHW SSTI0d *dVAd INVIEWIN CILVIOFTINI OTHILOFTIOWIIHL 6Z-7°G ATVl

tud*l

99/°9¢ - U02°v 0onto

066 cemea 3T9LIL

000°0 300°0 0un®o 000 9 o 0366 cee{AaT LY INn0)) 3O¥UTIN ~3LETASENS

m Y Qw00 viu® o conto wulto v v Gunta b =d32R3¥a J003 = F3iZ2a4 T U344 &y
T Out®0 Oy NTIREY contn J J [UNITRNT i A0CLu43d wJud » FFUDAH ° HuTv3In Ly

B = od0%0 w0yt U Hun*0 u) e v J nush b mmesmmcmceydp) = F.3I5AH 9 H.T¢Ea  up
Q nm 0u0°0 wou'u g0 690°0 3 J nuGc e i IoY¥dwyD Hival = Jik3iDAH R ALV S
< ) LINT A} [ ] Ju0°0 Yoo 300°3 v 360°9) € 0D 4,91 4343 = InJIVAF % HLIVZa by
Ry o 03c°n VI AT 0uo*o Ludte $00%y v Cun®a v TRTAN/F30aN5D = 3n2iDi4 3 HL1v3d €9
) 09¢°0 unoTy nun®n 0Nuty duv*o L") v 10070 boAd0/HSYA AI1D « J.3i0AH Y ALTIVIR Zh
M (-1 860°0 wouty 0u0c0 FOER] Guh*n oyt v iMd by ===adnSv%ASId = 3GTIVLIK ® elI%v3En 1F
04c°0 [Vl I 06v0°C VAN ANT Y o0ty 9 (17 bo==¥aMDHS 038 ~ In3ILH % 0%

mm 036°0 (A& Ra] 0306°C 6OV o oud*o 500°0 v S0¢ £ X743 JzH 79D = INILDRH 3 &€
&) 000°9 v00° Y 0vo°e uduty Gu0°0 R ITA] v 000 b =X73% JZH L34 = InNFIOAH % 8¢
mN . 050°0 WOy dun®r 9 XV bu0*o JGutd v aud f mw=edgyw JMyH = 3u30i0xH %9 Le
o <3 \BTa] P AT c50°0 N P Juo*o 0oLt v 206 | memccceeaadRIANLIN0N ALLTY0D DZH OS¢
o} 04C°0 L] Goo°e veuty 920 P g U0 | DAH 143ALVUIMI.IS50d (ZH J35S4008d 9L
V0G0 C13°0%e  0u0°n s€3°56 tud*n Lot J nG0 o | sweccceacceagsliIl = Ap3n0J3n 224 €€
PEG PUE  90FTsT DEFTELE~ UL we*o 9050 v 6uG*n 3 ~=eJZ4 AM4IDXa = SISOxS] 3943aFu  SL

206°0 [ IRaY] Qul°*GC Mo 0u0*o unotY Nl Qwdt N I mesccnececeasidyHULY GZd AMNEIDEd L

6060 $09°u 0u0°C 206°0 [V ] FL TR v 600°0 I ecesmcacmcncnenaIyPal'LS 0IH HSYH T

0006°0 400U 0p0°e Ghutu AR ] wGu ) Qe G uliy*u 260D i =eelv3¥le3dd 3 39¢HILS 2Zd4 FLSYN  IE

0060 v0o° o 0600 ubyy 056°0 vGato U0t o WOvte 390°6 b 13d La3ale3nl-1534 9k 43SS3du¥d §

ooLto ¥hee nuncc 1Z1°9% 890°0 200° 3 oty 100° Y nug s b ===3Ta 473¢L03 = SIS0KSD 4S5:52a2a €9

0uC°0 wdo° s Gpa®d VLI 390y Hunt 0 PR HuG*) ¢l meee{3M3933u3 = FS¥aleS 2¢¥ "L2d 62

o0ue®o VoL Y [ANTIRES [FRIVRRY: vouty BRTARY NIV TR ] Vo ==d007 435070 =~ 2J¥4LLS 2ZH *idd 9
NG00 VoL Ty ngnco Wity PN R ) NRE 2600 { meemcesceeJ¥LYI3 FuaNgTa¥d NIEFD 92
oue*o oy 0L0%0 . 395°9 < REIVAN] LIVER I ee=s=ej¥iida 55344 uH = 3IVEILS ITn ST

0ub0°0 vau'y 2y0°0 25.°0 G LA T ARV Po==dGfLTSG3MIDa0 PHZA = R1330S TN ¥L

600°0 FLE AR oud 30 d ¢ BTV 0un®a P ose~=e)¥Eq3 $TH¥4 04 - 3DVuILS T9 2

0u06°0 w0uty 240°C a2 ¢ S5ty - 4 b ="HL2475 3253 Jiluls - KTadas ZJ 19

, 9660 Gouty cyn®n Wity G aluta vl b =dLax21)3d3 SSed = duiliud d3CwIv #1l
NGO VLR VLY 46350 9 NIGF R nunto | seesee=154Llid) LUIgHINYINGD advdl €3

0naetn Loy oyose 5453y L= 00" VETTRAY! ¢ memreaccasen)IN3 = 401139338 230 1%

0006°0 050 5b)°% (- ] ula®y I wewwcavsccmnenan)Jy = J9A2n3y 2D @

006°9 Gun°G RLER 4 NI P =e==T2HAMID KLIJTwNHd - SNG4 % Xd €

oun* N30 LN 0 200°% 9 (7 m=em===33Li9T30730 Ln3ndlN03 = Xn ¢

[URTO) 605°90 FIVIN] Nt S0t P mems==em=T3HLEID MOQJ = 34%4 5 XH O OL

0un*o W) Suntd IR G0 0 000" Y | memeeceaciNITIN) 917 = SNVA- 9 Xn 1

OuB° UYE= UYTI"HE b EZE 4/ 4 JubcLt LHE U= CES b~ meemwececee37234 QaY HEdD DTEVE

33Tanel d.udy LN3IM3dadd o0 ~3I3X543S * s

INILOAH  4T3v4 Agy D 4902 I%4 HiGato 1933.LTa MASKYD ST L0 ’ n3LI
(Au/a'T) giiiy. ats (8077 1) SadsMy o7, FLNE R
LR 2%, = 931 - [SF S AN 310334 4 tad) WV, o3
MVEEEES E R R Tu3 LT LTLT Fouas all
(o724, =« 470z, Yad TeLaTa it %r g, €Ly FEES DI ¥4




[ )
921
XIVWHAS WILSXSHINS ‘TYAOHIY VINOWWY¥ DILXTVLVD dSVAd ¥YOdVA 9T-T°S TTHVL
65L°0 = £31133 ZLd*y = 431114
gLt = eTL010 dndlns @000 = 43Lsnrav Hd
6pl*C = tE3JELTIN 500°0 = RYJILLnyY
. vigte = [} oLz = NIOAXO
ELLTty = addedm 3Tav¥add vfu®g9 = Yilu® FLSuH
LS0T €1Yi¥alvy 72303G¥9 $IvIld3Llva CIalntisyd SIVINILIYNA
SeicemcecncuteccemacacscEreREe e u e eErs e s umt e e aense et taennce e mamaransanas (AYU/8T) LI Had VYLIVI ADNVIVE SOUNK

3 Ske0vp
4 Sh=0v

at'3l aInvIy

Y3Ly~
3LVveNECuNY
A¥3A3D4¥

(E.d)

A¥LTLA
u'a
PRy
[d)
——m——-

oInei

ELVE. W
RsYa

AIH

aly wlu¥d
alvy ~xTu¥d

FLELARILY

1IGIav43n3o 10
tuILdnaad ZL0

SM0TLOwAd dlLT 045070 SS 103

71 a0(

(5134

L°%61
LG9

Ftacy

BZcT
n'tres

BL8¢ZE 0L a¥iiliay

dx3 3 Caduwd3 AT4dnS3¥
1¢1J1dN3

dX3 § $34¥dS TvILInI

iI3aWI=NO O3XI4

SemeccmmccecmsoeoeoaeeyIHATLIND N9ISAQ

H3l3Ks8.8

W3L3K5803

(SAT1) 1a913nm J90TAvd
5°0 LMALLINHELNT
LeTot 40ISA8¥a
L*10¥% FITSLHO1
uly (§,048) 3Twlskids = JvDl Lvzd
(U LNATLTIwdalnl
Loty 4q1SUENQ
L'l A3I51a017
oY (3LL¥m) ¥3404
ewetmecsee=sNOTLYLS HOJd J3HIN0IY T = LIND 334 vIvG H3L3X330S
Kiv 0°9¢ I0I18447YQ +.SAYU 006 33T43d 74408 TvILINI
rIW 0°63 331514217 8 SNOSY3dMIud
11840 €14 0°uTud 32Is 3TNA0W
SX¢G 0°0a  AQI¥Ad XTd4154¥ 1 SATNTUNW
NOTLYLS 32¥4S
- P T X T T U i, [ emamylyQ Y3ISSIN

a)y « 4

daly

MORITLYERLTSn3D ©5103

Agvel SuIAFENLONE

Ty I AA -

A430003d9 0T+

L3

LSHBU




LTl

I4VHHAS SOILSINDOT SSTI03 TVAOWNIY VINOWWVY DILXTVLVD ASVHL ¥OdVA LZ-T°S T4Vl

6°€L01 E°ubb RecyR v uba Z°Pite s*syul £°9631¢ ==e== STYIJL

e 4 3¢ e 1*¢8 CRA A a3 S8k £°48¢ P =332339a J00J ~ 3u3IIOAY % HLIVIH 6

L°o Lo | 4 €'z €°p 14 AR PR A v 30C1u43n J0ud - FuIIDAH ¥ HLVIH Ly

1°0 [ " £°0 %L °1 [ (8 9tub b -esmseceeey3Ad - Fu3I0AH % HLMYIR 9y

6°€6 £°0 b0 vt 6°05¢L A 0y ) 4 P IDVdNd) HSVYHL = AnIINAH % HLTVEH Sy

0*0 v e*o Lt 0°0 vty 0o v SY € T3D 31SM #4343 = FW3JIDLH T HLIY¥Id ¥y

o°vL urL 0tn "R A (A8 31 3°169 G0 9169 F o TnIdN/330A000 = Fn2iHH 9 HLTvId £y

£°0 £t R0 v Y (4 i°e 6L vtul b RE3/HSYYM allD = INTIDAH % HLTVIA e

| £°0 £°0 g8'n v's £°2 4 6L utyL I ===d3HS¢MASIT = InALDZH 3 HiTvIn 17
, ¥ vl L% €LY '€ e s*ol PAS-Teh T =«y3K2H3 AQ08 - INIFIOAH % HITvid OF
| 1°0 3] 10 8°0 9°0 FR [ v*oz b R1d3 JT4. 173D ~ 3INTIDAH ? HITY3H  6€
1°o %0 6°0 8°0 6°0 60 €1 8°ce ¥V ~X74S JCH I0H = INFIDAH % HLTv3IH BE

1°0 19 £°¢C §°¢€ £°0 "0 sz u*sl I e==sHSY4 UiNyH = 3InIIODZH 9 HLIvIn (£

t°0 Py §°1 (2 £l vt sz utu9 I eeeceme- INISOLTINDw ALITv0AD 3Zh  9€

o'o oo 0°0 o c*o [} £°0 Rl T 9AH INIALVUI4L=-150d 0ZH 43SS3ID0¥a 9L

2] ww s°€ vz n*e L*LS L9617 L's9 vezZot 2°vrZs I ee=e=ma "HTYCO*dA = X4300034 OZn LI
g°2LL s'slL 6°CLL L¢3 291 Lyl Zeal S vbyl § ===JTH 3N4AIDXH = SISUAS) 3543234 &L

B~ 9°0 L 0°z (R4 sy A7 6°%1 S°8b I =smercwmceccacydy¥GiS 0Za 3INIIDAA  bL
O nm v*0 Voo vt &°EY (83 v'E 6°6 068 1 =ssecccaccumcnncIHVICLS OCH HSYM 1L
<< - S°€T u°st 0°1 $*sZ c°tot S 16 L9t MR ¥4 b ===l¥3¥l=3¥d ? 3IDvduls IZH 3IISYA OF
A Qo 0°0 Y} 0*0 () G0 Gy 60 [AY) b 104 IN3ale34I1-150d OZH 3J3SSid0O¥a S
) 9‘kz 3°p2 6°2¢ [A°] §°z $°Z sz ERS 2°14 )} ===0ZH 374V¥10d = SISONSD 3S43A3d4 €9
< X 0°0 ] 6oo S°v6 e Lo a0 3°stLs Y1 ====XD3N3D3343 ~ IDVu0IS DZH °*1lla 6¢
Lo LT §°C 9 vZ 6°61 5°0Tl ¥*ay L*E9I I ==dJ07 3433070 = 39v¥d0uS OCLH °"idd €2

mm 1°0 1'0 c*C sz . 6°Z 6°C 00 EAEAN i s=====T04LN0D JofisSi¥d Iuvd 9C
(] £°0 £°0 6°e 6°ul [ 4 v v 0°0 214} 1 =2d3nd SS3Add IH = FIvdOLS Zu 52
MN %o vy 0°0 v ] vty 00 1°0 I ==tJILIS0dN0O4d PHIn « ATadaS Za  HZ
(o) Mm s°Z 3°¢ 0t6 ves BULE F°LE 6°0 8- 144 1 ===~=343W3 SS3¥d IH - IHvu0iS 20 T
g (A4 e (A4 %% £°9pT £°9vi £°9PT s°8ve i =°Y¥LID373 1333 JDILviS - A74d0S T3 19
T°0 [t £°0 Y £°z £°¢ L*L voLL I =4lA¥103dS SSuW = dULINIW dSOWIY %71

€'y £ty "% U s€l “*ay v o 8°€8 Et9Ll T ==eecea03Lndd LNYMIWyINDD #0vdL €7

65°8S 5°6¢ §°6s §°ES S T3¢ §°CLt L u9E 9428 i mewese=n)30d - J0[10NU3Y 23D TI

vo oo ¥t S°Et %3 2'h £°8¢2 uTEsl o= mesmnesaecea)dy = JYAOWIY 230 ¥

00 e 0°n 1'vL 1o 10 ()] greoe P ====TDHLNID KLIJIIADNH = SNVI § ¥XH €

0°0 00 0°0 10 G0 [V 0°0 #°192 144 ===534¥141700 IN3ARdIN0T = Xn T

6"8 s n‘y 0y ctapt 0°3vy G*EL DAY 3 -==~TJ84NJD ¥00u = SHvd 3 X4 0L

69 ] 0°0 L %0 §°0 00 VA1 I =e===3NiT7300 al¥ = SNVL 3 X4 T

RIAV3 Gl dx3+¥4S aXa+dds LI852=N0 nlavi 31  ax3+da¢ 4X3+4dsS LIg¥D=N] u.03d LNdNUdADD 80 HILSXSENS *ON
N&0Nl3y X1d4rs34 IWIIing G3XIa NeNL3y LléangIa TYILLINI J3XT4  SLIkn W3LI

CEL4) FnVI0A TYLOL (87) Lanoids 17LDL
5L4C 000 = C0Td3d AT3dACad  “Sa%d u°uv6 = S0L¥ad KIddNS AvILANI 310304 T MIYD wV¥a 3
€ 49vd = 1FI4S Kd¥wwus 2 Sub NLTYaNITAN2D SSTIT /GTLYLS 3ivaS ¥VDA

(S149) = 40025 SHUVEl INT424pPI19w3 ONTS0W LS:60 S8=122=-L1



821

XIYWHAS ¥3aM0d TYOTMIODATR SSTOd TVAOHIY VINOWWY DILXTIVIVD 3ISVHd WOdVA 8Z7-2°S JATdVL

C*EL ST g8°9zes 8°¢z2s DCEyT 2 650¢ *66ul ~—=== $1YL0OL
[T u*sT 6*g1 iy %0 T =33Z33d4 J0123 = Iw2194k ? HLT¢3A 8
RTRY usT s it (I} } 3901843y 40Jd - InEIDAR % Ly
o°eLe i [ PR 4 vy I wemmeccacyIAl = FJq315AH 9 ay
0°S1 u'y [Ch¢} utuzi vtu T LOVdW3D H3val = InIIDAD ¥ HLlvdn Sy
6°0 (VA 0o sT0 V0 € 7100 ELlSM H3a3 = INT10AH 9 HLTVAH 144
G0y (4 o*e JtuBY : vty v InTaN/3304KID = INFIDAH % HLTYIH £
65\ 0°u G*0 vUuTE 0*0 o I A83/HSYM 411D = 3INFIOAH 9 4HiTv3H Zy
0% C'u ¢*0 PR 0°0 vty 1 +===y3dSyM4ASIT = 343I9AH 9 HL1¢3H 147
0°G: Y} a0 L*use o vt 1T ==Y43#JHS AJJE = Fe3II0AH ? HITv3H Ut
00 0°'¢ 6*o 3%0 5°0 vty T R1dS 3Td IT3D = InILDAH ¥ HLTv3Id 6E
e'e 0°st 0°¢y 3°062 00 09 I =145 0ZH 1JH = 3n3i%H 9 HLlvdd o¢
0°s1 00 0*¢ J°001 0*0 90 T ===<HS5Ym INVH = INIIDAH 9 HLT¥3H LE
g n u*otr o*Cy 30 ueo [T ] e=ememe=ca=ONId4DLINON ALITUND 3ZH LT3
00 [ 3 1°¢ I cre () T OAH IN3alvidI-150d 32k G35S3D2¥d 9L
6°¢ [P ¢"0 J°y8 LeLyt LT 1 ===a=e "y D74°A = Rd3a0034 2ZH Ly
[Us} PR} 0*o FAEY) TG | B4 § ===374 EANBTIAA = 3I80wSO Z943A3n SL
8°R6E (V) ue 3 9 C [ I ~=~40vH0LS GZw ANITIXA PL
L*95¢ ¢"0 60 3ol 0°cC uto I «397u0LS JZH H3YM 1L
G*e o G*0 JOGE 00 3%0 b =e-l¥3¥i-d¥d 3 IOVHCGLS 0Zd4 3LSVa 0€
20 %0 S0 23 n*0 0% T 13d INZw1v¢3dl=130d 0Zh a3ISS3I2¥d SE
0°o 00 ] 2% 94Ge 9°5¢ | ==~3ZH 3T3¥i0dd = SISOaSJ 354243y £3
G*c Vv 60 £°¢6 c*o u'o pT ====XIN3IDu3A3 = IHYHALS 0ZH 104 (4
] vto 6°¢ 20 c*0 U0 T ==4007 Q33312 = 39¥d01S 2ZH *LO4 8¢
0°n 0°GE 0°0E I 00 0°0 ] meewsmcece=12¥iM3) FANSS3HS NIFYD 9¢
G6*sl Vo o0 uty 9°0 v'o b} mee==3d34d4 55384 IH = IuvadlS Zy ¥4
o*e vy 50 Lt %0 9%9 T ==NQILISIdWID3T %HZIN = ATd4dasS Zi 14
0°g7 v'o O%¢ Y n*a [P0 I =~===JY3Id3d 3SHH¥G 1Y = 39V4I.S Z3 zz
G*0 UTELYY 0TELay E) 7Z°6¢1 ¢*efl T =°*¥L0374 1333 J1lvls ~ xT4ad0sS 23 1y
3¢t U0 t*0 40 [N Uty i ~4la¥LI3d3 SSuW = HOLINQW 48041lv¢ LA
a°n S°vCe S ot 2% 092 v*09Z T ===e=e=])HMIN0D LIYNIAVINDD 3Dv¥L €1
S Lyt 8°uEl PeGET 200 1°951 P°951 ] weeaseceeaeilSdd - &0L13NJa3a 20D 1
a°n vty L*e st 8*LEZ weLET ] ==smecmcmcesecsea)q3 = 19AO43a 20D b
00 vy C*0 20 Lot Lol } ====TIYLNJID RLIJTw0H = SNyd 3 XA €
0°n o 60 %0 n*o 3%90 8 =======53LV1dQ730 IN3IWdINHI = XH z
0°0 o u*o o'y 0°0 iy I ==e-====TJHi%0D ¥OGQ = sNUJ I XH oL
60°n oy G*0 3% S*TiL STITL ] e=re=ceae)NITO0) 3IV = SHUd T XH 1
Iinl s S LMT s 51 .03y LNaHDdA0) 40 WiLsXsdus *ON
e L Rl L SLIN A3LT
oa
(Selv) a3kdy T¥OT4I3393 TULICT
5520 0%7n = OyTddad AM6d 1939 TAY %05 = “idad X443 AvIlING AN T wddD NV, 3
I A99¢d = I143rS Zavaw,s 7 T2t NOTH¥dNuT 43D 5707 MoILYLS F0vaS Hida

I
—
(9
Ll
>
IS
T
v

334VaELl D4Td331543 DT 44 LS89 §8=123-L}




6Z1

IVHHAS NOILOACLTY LVAH SSTOT TVAOWZY VINOWWV DILXTIVIVO ASVHA YO4VA 6T-T°S dATHVL

ZhLerst S*Z6LTE S*ZallE oteTILy veZyol p°299L ce=== §1Y¥10L
L*Tvap A3 z°18 gt 6o PR} I ~d3Z233¥4 3004 = IN3IOXE T HLTY3A 8o
atteci FARYS Z°1s Ity €0 uy I 3D0Id434 1034 = 3nNFIDAH 9 HuTy3H Ly
o'e u'o [ORE4] RN ney [VAY] | ewseecceaiIA0 = INFIOAH S HiTvdd 9y
0o 00 0°9 8 a0 o 1 LovandD HSYal = INIIOAE T HLTy3H 4
c*0 oty 60 9 neo vy € 7TJ) 3454 d43ad « ANIIOAH T HLTYIH 124
| " 0ty 00 z Ut o Uty p INTAN/330aW3D = AWIIOAH ¥ HLTyId €y
” (] G0 n*o 5 00 0*o 1 Rda/HSYM 11D = Iw3LDAH % HLIIv¢3H [44
00 Utu u'e 3 00 vy ] ee=y3aS¢MdASIT = INIIOAH 3 HLTe3IH 157
oo V0 G0 4 0°0 uo 1 ~-§3MIHS AJJ8 - 3INIIOAH T HLTY3H 0
0630 0'0 0°0 %0 0°0 U0 1 X1dS JZH 173D = ANITIODAH ¥ HLTv3H 6€
6°0 0o 0o 9°zey A & AN ¢ 1 =X74S OH LJH = 3INFIOAH 3 HLTv3H gE
n*g u'e 6°0 5°Z6E 00 o ] ===aHS¥m INUH = INFIDAH ? HLITY¢3H LE
o°¢c vt (O] 30 S*9¢1 S°9Ed ] mesweccaeeONINILINOA ALITVNO 2ZH 1Y
, AT ) 6o %0 0l veat I DAH LNIALuFal-130d 0ZA 353540344 SL
, 66 o ] Iy [AR Y4 Loy | meemes J*Y°I2°d*A = Xa3a0034 3Zn L9
, 0°¢ v o 6o vy £°SuL £°s8L § ===0ZH 3NIIDAh = 51S0aSQ0 3G43A3Gd SL
ﬁ 2By 0°0 Vo G*n 3°eept G*0 vt ] =weeeruseceneceaid¢¥5lS OlH INAIDAH be
— E~ 0°¢ o 600 3°58¢T 00 U 14 cmecsescecmceeIOVHOLS OLH HSYM 1L
gy 50 o 100 A ¢*0 vty 1 e=elvi¥ledyd 9 3IOVHOLS 0Zd4 3LS¥N 0€
&} - 2%0 0°0 60 2°0 LR g°1 I 10d IN3«lv3ul-130d UZH g3I3S3ID0¥d SE
P < 69 Lo () ] Letezt Leiet 1 =0Zd 373YL0d = SISOWSO 35343a3d £9
o o) ¢*0 Vo G*c PR £ 040 o Pl ee=eXdtiidd43nd = FOVYO0LS OZH "LlDd X4
C neo 0o 6*0 Wty 6%0 vy b ==d307% J33010 - 35YuDLS OZH "LOJ 82
M 00 w0 n*c ) veZol veent 1 ecemcesa==TIYINID INSS3¥4 NIQVD 9¢
& [} L0 G0 %45 0%0 Uty 1 e=-eeed¥dw3d 5S3I¥4 1H = FOYHOLS Za ¥4
m % i} U 0*0 3¢t £€°0 £ I ==HQTLIS3dWID3d ¥nZN =~ XTidaS TN ¥z
TR neo 00 neo [ARY nec Uty ) =--e=D¥3W3 353¥4 IH = Fo¥a0LS Z0 44
- 6o g°zoint £*zotTul 2%y L*TES L*ies I ~*¥y0373 1344 JIIVIS = ATsduS 2D 19
& =, 6o ) 0*0 §°L6E neo U0 b =dIw¥1D3dS 3SYW - HOLINgW dSInlv vi
LONG) 60 ] LA ] 11022 1°1022 | mes—ee~]IAIN00 LIVMNIAYINDD 3DYHL €1
D°0 1°1E9 1159 L*z9v¥ ueZezt NREAXA | mewe ~==ddg0d ~ ¥OLIONLIA 20D 1%
50 geLSYl £ Lat] Y £°0LY ECuly | memssemacmcecea)FI o= T¥AONZ 23D 12
60 9°5EES ¢ RefE N £*Zie- geeta~ T =e=cTJHIMID XLIAIA0R = SNv¢d 3 XH £
c*o [} 0*¢ 30 0o 0o Ll w=me==sg3ILY¥1dQT3D0 LudndInd3d = Xn [4
00 0°0 n*o 30 n*o 0! | e=sce=ao15MEN0) MO0 - SNYd T XH 0L
0°1%5y §°ub2T1 8*0FCTT 20 s*8zhe §°8Zve I eeceeewaa)NITIZ) uIY = SHYd 2 XH T
LNI sn € LMY R s G.034 LNANOdADD 40 w3L3X$E.S *on
AL L L e Ll Ll LR e L LR L L L L L L L k] sLinn A3LT
aracll ALy
(aH/NLS) IY0T Iv3d4 37alsnNdS TvIdl
SXY0 0°%0 = 10Te3d ATaduSa¥  ‘SAYY o*ué = UI1¥3d Xi4dNs IYILINI FINAOA § MEYD R¥n 8
¢ 29vd = La?dS la¥awuS Z . MOTwVafoT 4490 €8103 NuTLYLS 30¥dS &YDA
: (5139) = A30ls s3gV¥el S4INZI8I943 9utEla 1§59 §8=I00~L1



* [ )
o€l
XIVWRAOS FONVIVE SSVH SSTOZ TVAOWAY VINOWWY JDILATVIVD ISVHd HOdYA O0€-Z°S JTdVL
99L°9¢g~ WO0G°O 050°0 LY [ FLASE] cyn®o ututu 0u0*d mme-= $7y1J1
0uv0'0 v00° o 000°0 N0 ¢60°0 £35°0~ 610" gTo u= 060°0 === (3aTiviNanl) 3LVI1TA 43LSASENS
2¢60°0 Goo v 0000 uoL'y 060°D 290679 €9n°e ("R nuato I =3328334 Q004 - INFIOAH % HLIVIH Ry
50670 V1 VRSN 206¢°0 cou*c 6u0°G w0iu®y [RTE AN Wooty 003 ¢ T 350Idadd JOU4 - FWIIDAH ® HFilvim Ly
N0s°0 V6ot ageto ulg oy Nyt o Ju9to Lot D0y Huito I mewerceeenIal - AnSI0AH % HLAVEd  Op
[ JVIVRE] 00G°0 GuCc*0 uou Ty 6uo*0 PRI Cud*G ulu® o 6u0%9) I LO¥awW3D H3Val = 3In3IIDAH % HLTIYIH 6SF
000*0 000"y 900°0 005°0 0G0°0 300ty €o0%0 200°%Y ouoto € 70D JLSH 43aT = INIIOAH ? HLTY3n b
00070 200°5 Gu0*0 uou® G 00" % PRI ] 0060 006°%9 nuo*o P TuTan/3d0&wED ~ INFLDAH 3 HLIVIa €9
0060 w0u* 0 tuo*o v0g e 000°0 30U%0 [RAE 00o°* Y AuDtY I X40/HSv% alid = 3INIIDKH B HLTVIn Zv
ogeto 003°%0 0yGto uog®y 0u0°*0 wDu®y 000 Vo0 v 500°%0 P me=33HSYMASIY = IndiDAH ¥ HLIVIH Iv
0v0*0 LGOo° Y 3000 NV 030°0 W02y Cyn*o 00" dun*o i ==YdMJH3 AJU8 = 3INIIOAH 3 HLIVIH Oy
000°0 000°¢ 0vo*0 w000 00n°0 Lk ] nyote 000° Y 000°0 T X145 324 410D = FnIIOAH 3 HLIvIH  6€
0000 600°90 oup*e 006G Goo°o 3000 030°0 000°3 000°0 T =4T74§ JIH LGH = dNIIDAH ¥ H17v¥3n  BE
06c*o VO0° 0 oub*o (IR ¢00°0 PRV [T} 200°2 000°0 | =e==HSYs JUNuH = 3INIIOXH ¥ HLT¥3w LE
960°0 w000 0L,0°0 60u*Q 600°%0 W0uTu Cu0*0 J0d°y nud*o | =e==cecccewesd{I40LINOR XLLIVAD O2Za  9F
n30°6G 0ouy .00 unu*o Goote J00°% 3 Gp0c e NI IPRaN] nuo*o I 9AH IN3alv34l=-1I50d ulh 1338300dd 9L
ouG*o 985°(%=  000°Q £TL" 9 000°0 9o tig*Z 062"y fouL®Z- b ommee=e W'Y D'd°A = Ky3A023a 0Zs L9
LEGTVOE  S0v°sl Dey*€l€= 0VOU'C Go0*o w0uy 606 00yt ovo*o § ===JTH aN3ITLX4 = SISONSI ES43A34 SL
0y0°®0 00u° Y 0gote uboto tgo*o upo* o cyo*o w00 v Guo*o P mesececacsesoiOYAJLS GZH 3INIIDAA YL
000°0 ©v00° 0 00500 W00 c00°0 000D 0u9°0 000°2 0LG*o I memececewemceca=IDValLS OZH HSY¥M TL
000°0 609°0 5000 ubotu 000*'0 voo®d 05U 0 J02° Y 0u0°o ] =e=l¥3Y¥i~3da 3 IOVHCLs IZH 3IS¥m OF
0us*o 00u°y 200°0 GCO* 0 Guo* 0 PO PRI 000t Y 2U0°0 b 120d INIAIv2dLl~150d 0CH 333530048d SE
000°0 610°¢ Nu0*0 CGE° LY 006°0 300D 900 00t Y 000°0 I ===37d 374¥10d = SIS0.SI 3543A34 €9
060" 0 003° ¢ 0u0°0 cee'u Guo®o J0utS Cus*o w00 000°0 P17 ====X3N3iDd3a3 = 3LVY0LS 3Z# "11d 62
000°0 0006°0 LRI PRI 6600 uou®d £u0*cC 205 0u0* 0 T ==dd01 1350710 = 35ValLiS OIH 'Uidd 8¢
00¢°0 603°0 6y 0 [FL IV (uo*o RV o0t u0)* 2 000°0 [ mememcncawTOYENDD FalrgSa¥d NIWYD 92
000°0 003ty as0°0 Gooty Lu0to 000G GuN* 0 w0y [P D Ra] I e===-5daWid $5HNd IH = 3Dvd0LS 2w ST
0uG*G GCYU* Y Nut®o ubu'uy Gud*0 £E10° 0 6o3*0 26ty C40°0 1 ==PJITLI30aW0DEd bnZi « KTadiS IN  bC
0060 uogty Lub®G6 ulu®u Guo®e wiutu 6yd*0 JCoty G000 ] ee=e==)yida 52384 IH = 2%40LS Z0
0600 udu'tu nugo*oe LS5*8Z= Cu0*Q EX AN Lpo*e V] sv9°se T =*d4l3273 4324 D1IY¥LiS = KRTdduS Zu !9
03¢ [V IV 040°C uhy'e tun®o RIS agn*e wou Y nyoto I =~dla¥l)3ds SSvw = HULINOW dSOWlY bi
ooc*o ueuto ogn*o vouL CG0*0 200" Neo°6 000°y 0u0°0 [ se==-ce=]l03Lt3) LAYNIWYLNDD 30¥HL €I
000°0 NVERS 050°0 LRy 91 [GVTA] reg" i~ So€°Gé=  LOU*V CuC®0 I ~eemeeeeceeyd30d = NOILONGI4 232 11
0oL "o 00ty GuGe w06y ¢l 31¢° 1= Gu6°0 009 8G1g= ] ee=smecemmece-ee)dh = TYAOH3d C0D ¥
nuG*o 200° nuo*e Gou*e €A RIS v0L®D POLRNC ulu® 0 0000 [ =e==TUALNSD RLIJTwOH = SNVA % Xd €
0uLo*o uhy®o U0 w00ty (VI ] J0y*0 0p0° e 000"V 06U°*0 {7 e======331V¥1337100 Lu3ndINuld = Xn T
050°0 Gou'v [OFI R couto cgo*o ulby o DAY G050 068 [ wemw=ceaTlduNdD 4030 = SNV 9 Xn 0L
000°0 00uTy 6060 vy GG0*to vou'y 0960 000°y 000°0 [ =m======<)NITI3D 4IV = SNVE 3 XH 1
0uB 0yE=- U3yt YebtECE 0RUTPS- QuZ'Ty v/n Oug*Ld L3E* U= fER°F L= mmmemeneee=3T3d04 QY #3¥D DIsvYQ
3aIxcidg 4,034 LNABOdNCT 80 WHLSXSERS "N
INFIDAR  alsvn oYW 318y1lid  alyS&3UrID H3DOHIGKA MOdEvY FADUHLIN N&aDAXO SLING , x3LI
(K&/87) ofavs 404 adaViVe $Svy (AQ/7d71) S4SSY¥ aN4 IDWY¥IYd STUW
sAhed Gtro = Tula¥a AT 4aCu¥ CSAYL D°U6 = wDIN4@ KladDS i¥IILIML FArACa § ¥3MD ¥ 3
P o39vd = 1aZaf TevwihS 2 ot i TAVanyT 4D 133 401748 Fu¥eS duda
ford, = AZUTs g4duvdl 94I434"194% HDiTalu LSk GP=123=Li

GINAL PAGE IS

DRI

ITY

OE POOR QUAL




10.

11.

12.

13.

14.

15.

16.

APPENDIX A:
CELSS Documents Published as NASA Reports

Johnson, Emmett J.: Genetic Engineering Possibilities for CELSS: A Bibliography and
Summary of Techniques. NASA CR-166306, March 1982.

Hornberger, G.M. and Rastetter, E.B.: Sensitivity Analysis as an Aid in Modelling and
Control of (Poorly-Defined) Ecological Systems. NASA CR-166308, March 1982.

Tibbitts, T.W. and Alford. D.K.: Controlled Ecological life Support System: Use of Higher
Plants. NASA CP-2231, May 1982.

Mason, R.M. and Carden, J.L.: Controlled Ecological Life Support System: Research and
Development Guidelines. NASA CP-2232, May 1982.

Moore, B. and MacElroy, R.D.: Controlled Ecological Life Support System: Biological Prob-
lems. NASA CP-2233, May 1982.

Aroeste, H.: Application of Guided Inquiry System Technique (GIST) to Controlled Eco-
logical Life Support Systems (CELSS). NASA CR-166312, January 1982.

Mason, R.M.: CELSS Scenario Analysis: Breakeven Calculation. NASA CR-166319, April
1980.

Hoff. J.E.. Howe, J.M. and Mitchell, C.A.: Nutritional and Cultural Aspects of Plant Species
Selection for a Controlled Ecological Life Support System. NASA CR-166324, March 1982.

Averner, M.: An Approach to the Mathematical Modelling of a Controlled Ecological Life
Support System. NASA CR-166331, August 1981.

Maguire, B.: Literature Review of Human Carried Microbes’ Interaction with Plants. NASA
CR-166330, August 1980.

Howe, J.M. and Hoff, J.E.: Plant Diversity to Support Humans in a CELSS Ground-Based
Demonstrator. NASA CR-166357, June 1982.

Young, G.: A Design Methodology for Nonlinear Systems Containing Parameter Uncer-
tainty: Application to Nonlinear Controller Design. NASA CR-166358, May 1982.

Karel, M.: Evaluation of Engineering Foods for Controlled Ecological Life Support Systems
(CELSS). NASA CR-166359, June 1982.

Stahr, J.D., Auslander, D.M., Spear, R.C. and Young, G.E.: An Approach to the Prelimi-
nary Evaluation of Closed-Ecological Life Support System (CELSS) Scenarios and Control
Strategies. NASA CR-166368, July 1982.

Radmer, R., Ollinger, O., Venables, A. and Fernandez, E.: Algal Culture Studies Related
to a Closed Ecological Life Support System (CELSS). NASA CR-166375, July 1982.

Auslander, D.M., Spear, R.C. and Young, G.E.: Application of Control Theory to Dynamic
Systems Simulation. NASA CR-166383, August 1982.

131



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Fong. F. and Funkhouser, E.A.: Air Pollutant Production by Algal Cell Cultures. NASA
CR-166384, August 1982,

Ballou, E. V.: Mineral Separation and Recycle in a Controlled Ecological Life Support
System (CELSS). NASA CR-166388, March 1982.

Moore, B.. lll, Wharton, R. A., Jr.. and MacElroy, R.D.: Controlled Ecological Life Support
System: First Principal Investigators Meeting. NASA CP-2247, December 1982.

Carden, J. L. and Browner, R.: Preparation and Analysis of Standardized Waste Samples
for Controlled Ecological Life Support Systems (CELSS). NASA CR-166392, August 1982.

Huffaker, R. C., Rains, D. W. and Qualset, C. O.: Utilization of Urea, Ammonia, Nitrite,
and Nitrate by Crop Plants in a Controlled Ecological Life Support System (CELSS),
NASA-CR 166417, October 1982.

Gustan, E. and Vinopal, T.: Controlled Ecological Life Support System: Transportation
Analysis. NASA CR-166420, November 1982.

Raper, C. David, Jr.: Plant Growth in Controlled Environments in Response to Character-
istics of Nutrient Solutions. NASA CR-166431, November 1982.

Wydeven, T.: Composition and Analysis of a Model Waste for a CELSS. NASA Technical
Memorandum 84368, September 1983.

Averner, M., Karel, M., and Radmer, R.: Problems Associated with the use of Algae in
Bioregenerative Life Support Systems. NASA CR-166615, November 1984.

Radmer, R., Behrens, P., Fernandez, E., Ollinger. O., Howell, C., Venables, A., Huggins, D.
and Gladue, R.: Algal Culture Studies Related to a Closed Ecological Life Support System
(CELSS). NASA CR-177322, October 1984.

Wheeler, R. and Tibbitts, T.: Controlled Ecological Life Support System: Higher Plant
Flight Experiments. NASA CR-177323, November 1984.

Auslander, D., Spear, R., Babcock, P. and Nadel, M.: Control and Modeling of a CELSS
(Controlled Ecological Life Support System). NASA CR-177324, November 1984.

Karel, M. and Kamarei, A.R.: Feasibility of Producing a Range of Food Products from a
Limited Range of Undifferentiated Major Food Components. NASA CR-177329, April 1984.

MacElroy, R.D., Smernoff, D.T., and Klein, H.: Life Support Systems in Space Travel.
(Topical Session of XXVth COSPAR meeting, Graz, Austria) NASA CP-2378, May 1985.

MacElroy, R.D., Martello, N.V., Smernoff, D.T.: Controlled Ecological Life Support Sys-
tems: CELSS "85 Workshop, NASA TM-88215, January 1986.

Tibbitts, T.W.:Controlled Environment Life Support System: Calcium-Related Leaf Injuries
on Plants. NASA CR-177399, March 1986.

Tibbitts, T.W., Wheeler, R.M.: Controlled Environment Life Support System: Growth
Studies with Potatoes, NASA CR-177400, March 1986.

132

[



34.

35.

36.

Babcock, P.S.: Nonlinear System Controller Design Based on Domain of Attraction: An
Application to CELSS Analysis and Control, NASA CR-177401, March 1986.

Smernoff, D.T.: Atmosphere Stabilization and Element Recycle in an Experimental Mouse-
Algal System, NASA CR-177402, March 1986.

Oleson, M., Olson, R.L.: Controlled Ecological Life Support Systems (CELSS): Conceptual
Design Option Study, NASA CR-177421, August 1986.

133



1. Report No. 2. Government Accession No, 3. Recipient’s Catalog No.

NASA CR- 177422

4. Title and Subtitie 5. Report Date

Controlled Ecological Life Support Systems (CELSS) June 1986
Physiochemical Waste Management Systems Evaluation| 6 Performing Organization Code

SLX
7. Author(s) . 8. Performing Organization Report No.
M. Oleson, T. Slavin, F. Liening, R.L. Olson 37
10. Work Unit No.
9. Performing Organization Name and Address
: T6934
Boe1ng Aerospace Company 11. Contract or Grant No.
Seattle, Washington 98124 d
NAS2-11806
13. Type of Report and Period Covered
12. Sponsoring Agency Name and Address Contractor Report

National Aeronautics and Space Administration .
14. Sponsoring Agency Code

Washington, D.C. 24056 199-61-12

15. Supplementary Notes
Robert D. MacElroy, WNASA Ames Research Center

415-694-5573 oxr FTS 8-464-5573

16. Abstract

This report compares parametric data for the following six waste management subsystems, as considered
for use on the Space Station: 1) dry incineration, 2) wet oxidation, 3) supercritical water oxidation, 4)
vapor compression distillation, 5) thermoelectric integrated membrane evaporation system, and 6) vapor
phase catalytic ammonia removal. The parameters selected for comparison are on-orbit weight and volume,
resupply and return to Earth logistics, power consumption, and heat rejection.

Trades studies are performed on subsystem parameters derived from the most recent literature. The
Boeing Engineering Trade Study, (BETS), an environmental control and life support system (ECLSS) trade
study computer program developed by Boeing Aerospace Company, is used to properly size the subsystems
under study. The six waste treatment subsystems modeled in this program are sized to process the wastes
for a 90-day Space Station mission with a crew of eight persons and an emergency supply period of 28 days.
The resulting subsystem parameters are compared not only on an individual subsystem level but also as part
of an integrated ECLSS.

Two factors affect the results of this trade study. One is the level of subsystem development. The
four basic parameters studied in this report tend to be optimized during the later stages of equipment
development. Therefore, subsystems in their later stages of development tend to exhibit lower parametric
values that their earlier models. The other factor is the functional design of the subsystem. Systems designed
to process a wider variety of wastes and to convert these wastes to more usable byproducts in general have
higher process rates and therefore tend to be larger, weigh more, consume more power and reject more heat
than waste treatment systems with lower process rates. These parametric liabilities are only offset when the
parameters are weighed against the process rates and overall ECLSS mass balance.

17. Key Words (Suggested by Author(s}) 18. Distribution Statement
CELSS, Waste processing, supercriti-
cal water oxidation, wet oxidation,
incineration, vapor compression dist.

Unclassified - Unlimited

catalytic ammonia removal, trade studfies STAR Category 54

19. Security Classif. (of this report} 20. Secucity Classif. {of this page) 21. No. of Pages 22. Price’

Unclassified Unclassified 133

*For sale by the National Technical Information Service, Springfield, Virginia 22161




